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WARNING 
HIGH VOLTAGE 


Voltages sufficient to cause 
DEATH ON CONTACT 
Are used in Radio Set AN/MPN-1 


Extremely dangerous voltages exist especially in 
the following units: 

ELEVATION INDICATOR ID-37/MPN-1 

AZIMUTH INDICATOR ID-36/MPN-.1 

SEARCH INDICATOR ID-35/MPN-1 

SYNCHROSCOPE TS-64/MPN-1 


COMMUNICATIONS TRANSMITTER BC-625.-A, 
BC-696-A, BC-457-A, BC-458-A 


COMMUNICATIONS MODULATOR BC-456-B 
MODULATOR MD-11/MPN-1 

RADIO FREQUENCY UNIT RF-6/MPN-1 
RADIO FREQUENCY UNIT RF-7/MPN-1 


10. RECTIFIER POWER UNITS PP-22 MPN-1, 
PP.23 /MPN-1, PP-24/MPN-1, PP-25/MPN-1, 
PP.26,/MPN-1, PP-27/MPN-1, PP-28/MPN-1 


a ee iS oe 


CM ND 


HIGH VOLTAGE MAY BE FATAL IF CONTACTED BY THE 
OPERATING PERSONNEL. WHEN WORKING ON THE EQUIP- 
MENT, AFTER THE POWER HAS BEEN TURNED OFF, ALWAYS 


GROUND ALL PARTS IN THE HIGH-VOLTAGE CIRCUITS 
BEFORE TOUCHING THEM. 
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DESTRUCTION NOTICE 


- To prevent the enemy from using or salvaging this equipment for his benefit. 


When ordered by your commander. 


Pa © Smash—Use sledges, axes, handaxes, pickaxes, hammers, crowbars, 


heavy tools. 
Cut—Use axes, handaxes, machetes. 
Burn—uvUse gasoline, kerosene, oil, flame throwers, incendiary grenades. 


Explosives—Use firearms, grenades, TNT. 


ap WN 


Disposal—Bury in slit trenches, fox holes, other holes. Throw in 
streams. Scatter. 


USE ANYTHING IMMEDIATELY AVAILABLE FOR DESTRUCTION 
OF THIS EQUIPMENT. 


1. Smash—The magnetron tubes so that the construction and internal 
dimensions can no longer be discerned, smash the cathode structure 
separately, if possible. The antenna reflectors and external r-f plumbing. 
The antenna waveguides, angle capacitors, and angle coupling units. As 
much as possible of the internal waveguide installation, and all test 
equipment containing cavity resonators. All cathode-ray tubes, vacuum 
tubes and all meters on the operators’ panels. As much as possible of 
the communication and the power supplies. 


2. Cut—aAll dipoles off the antennas. As much of the wiring and electrical 
connections as possible. The r-f plumbing sections. 


3. Burn—Using gasoline, sprinkle and ignite the operations trailer and 
power truck. If dynamite is available, place one charge in the indicator 
rack, one.in the floor by the communications panel, and one in the 
radar transmitter rack. Open all rack and panel doors, wire the deton- 
ators, drench inside of trailer with gasoline, close the trailer doors 
and detonate. 


4. Bury—Bury or scatter the chopped-off dipoles and r-f plumbing. If a 
body of water is accessible, throw in a scattering manner as many of 
the parts as possible. Throw the magnetron tubes into deep water or 
bury them in such a place and manner that their discovery will be 
most unlikely. If the situation does not warrant either of these, take 
the tubes with you and dispose of them in a like manner when the 
opportunity arises. 


DESTROY EVERYTHING. 


SAFETY NOTICE 


Operation of this equipment involves the use of high voltages which 
are dangerous to life. Operating personnel must at all times observe all 
safety regulations. Do not service or adjust the equipment unless accom- 
panied by a second person. It is strongly recommended that another person 
capable of rendering aid be available when adjustments are made within 
the racks. 


Extreme caution must be exercised in the use of the cheater switches 
provided on the various units, for voltages as high as 15,000 volts will 
be encountered in the modulator, high-voltage power supply, and trans- 
mitter units when the equipment is in operation. 

Care must be also taken to avoid contact with the 4-kv power supplies and 
the high-voltage supply circuits td the indicator tubes, as these circuits 
are charged to approximately 4,000 volts. 


Do not attempt to operate the equipment without being thoroughly 
familiar with section III of chapter 2 and with chapter 3 of TM 11-1343, 


which cover preliminary adjustments and operation. 


No attempt must be made to alter the adjustments on the communica- 
tions equipment without first consulting the manuals covering those units. 
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FIRST AID TREATMENT FOR ELECTRIC SHOCK 


I. FREE THE VICTIM FROM THE CIRCUIT IMMEDIATELY. 


Shut off the current. If this is not jmmediately possible, use a dry nonconductor (rubber gloves, rope, 
board) to move either the victim or the wire. Avoid contact with the victim. If necessary to cut a 
live wire, use an axe with a dry wooden handle. Beware of the resulting flash. 


Il. ATTEND INSTANTLY TO THE VICTIM’S BREATHING. 


Begin resuscitation at once on the spot. Do not stop to loosen the victim's clothing. Every moment 
counts. Keep the patient warm. Wrap him in any covering available. Send for a doctor Remove false 
teeth or other obstructions from the victim's mouth. 


SZ 


POSITION 
1. Lay the victim on his belly, one arm extended directly 
overhead, the other arm bent at the elbow, the face 
turned outward and resting on hand or forearm, so that 
the nose and mouth are free for breathing (fig. A). 





\ 2. Straddle the patient's thighs, or one leg, with your 
ern aspect i knees placed far enough from his hip bones to allow you 
; to assume the position shown in figure A. 


3. Place your hands, with thumbs and fingers in a 
natural position, so that your palms are on the small of 
his back, and your little fingers just touch his lowest 
ribs (fig. A). 


FIRST MOVEMENT 
4. With arms held straight, swing forward slowly, so 
that the weight of your body is gradually brought to bear 
ssa upon the victim. Your shoulders should be directly over 
the heels of your hands at the end of the forward swing 
(fig. B). Do not bend your elbows. The first movement 
should take about 2 seconds. 


SECOND MOVEMENT 
5. Now immediately swing backward, to remove the 
pressure completely (fig. C) 


t 
6. After 2 seconds, swing forward again. Repeat this 
pressure-and-release cycle 12 to 15 times a minute. A 
complete cycle should require 4 or 5 seconds. 


annie 


CONTINUED TREATMENT 


7. Continue treatment until breathing is restored or until there is no hope of the victim's recovery Do 
not give up easily. Remember that at times the process must be kept up for hours. 


8. During artificial respiration, have someone loosen the victim's clothing. Wrap the victim warmly; apply 
hot bricks, stones, etc. Do not give the victim liquids until] he is fully conscious. If the victim must be 
moved, keep up treatment while he is being moved. 


9. At the first sign of breathing, withhold artificial respiration. If natural breathing does not continue, 
immediately resume artificial respiration. 


10. If operators must be changed, the relief operator kneels behind the person giving artificial respiration. 
The relief takes the operator's place as the original operator releases the pressure. 


11. Do not allow the revived patient to sit or stand. Keep him quiet. Give hot coffee or tea, or other 
internal stimulants. 


HOLD RESUSCITATION DRILLS REGULARLY 


XXX 








REFERENCE NOTICE 


T™ 11-1543, SERVICE MANUAL, is one of the three technical manuals 
on Radio Set AN/MPN-1. It is to be used in conjunction with TM 11-1343, 
TECHNICAL OPERATION MANUAL, and TM 11-1443, PREVENTIVE 
MAINTENANCE MANUAL. This manual, TM 11-1543, gives a complete 
theoretical discussion of the circuits used in Radio Set AN/MPN-1, together 
with data and instructions for locating and repairing troubles which may 
occur in these circuits. The manual also includes information on the 
operation, theory, and repair of all specialized test equipment included 
with the unit. The final chapter of the manual consists of a maintenance 
parts list which gives descriptions and procurement information on replace- 
able parts. 


Additional information on various components of Radio Set AN/MPN-1 
will be found in the following separate manuals: 


Instruction Book for Power Equipment PE-127-A. 
Instruction Book for Operation and Maintenance of Radio Set SCR-522-A 
(TO 08-10-105). 


Operating and Maintenance Instructions for Rectifier Unit RA-62-B. 
Instruction Book for Operation and Maintenance of Radio Set SCR-274 
(TO 08-10-50). 


Radio Receiver BC-342-N (TM 11-850). 
Instruction Manual, Beacon Receiver BC-1206-C. 
Trailer K-34-E (TM 11-2503). 


Maintenance Manual for Track V-8/MPN-I (4 ton, 6x6), Models 96A, 
968A, 969A, 970A, and 972 (TM 10-1533). 


Maintenance Parts List for Truck V-8/MPN-1 (TM 10-1532). 
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CHAPTER 1 


GENERAL THEORY 


SECTION I 
INTRODUCTION 


1. PURPOSE OF MANUAL. This service manual 
presents the electrical and mechanical theory of Radio 
Set AN/MPN-1, and summarizes available information 
on the repair of the equipment. The first five chapters 
describe the equipment and give the theory of its opera- 
tion. The next four chapters deal with trouble shooting 
and repair. Chapter 10 presents the maintenance parts 
list. TM 11-1543 is one of a series of three manuals on 
Radio Set AN/MPN-1. The other two are, TM 11-1343, 
Technical Operation Manual and TM 11-1443, Preventive 
Maintenance Manual. 


2. DESCRIPTION OF EQUIPMENT. Radio Set 
AN/MPN-1 is a mobile ground radar unit consisting 
of a 6x6 Diamond-T truck which functions as a prime 
mover, and a four-wheel trailer which carries most of 
the operational equipment (fig. 1). Two gasoline-driven 
Power Units PE-127-A. mounted on the prime mover 
truck, supply 117-volt, 60-cycle single phase a-c power 
for the operation of all electrical equipment. An air 
conditioner, for trailer ventilation, and a spare parts box 
are also mounted on the truck chassis. The radar and 
communications equipment are rack-mounted in the opera- 
tions trailer. Two complete radar systems are provided, 
a search system operating in the 10-centimeter or S band 
and a precision system operating in the 3-centimeter or 
X band. Two-way communication with landing aircraft, 
on 21 available channels of which three can be used 
simultaneously, is provided by the radio communication 
equipment. The trailer is equipped with a system of four 
hydraulic leveling jacks controlled by valves recessed in 
the trailer floor. 


3. PURPOSES OF RADIO SET AN/MPN-1. Radio 
Set AN/MPN-1-provides facilities for directing the pilot 
of an aircraft in making a safe approach to an airdrome 
runway under poor visibility conditions. Accurate and 
continuous information regarding the location of incom- 
ing aircraft with respect to a predetermined glidepath is 
presented to the operators by the two radat systems. This 
information, interpreted as lateral and vertical deviations 
from the glidepath, enables the operators to direct the 


pilot in correcting his course. The search system presents 
a radar map on the plan position indicator (PPI) show- 
ing the positions of aircraft located within a radius of 
30 miles and having an altitude of less than 4,000 feet. 
The PPI indicators of this system provide information 
used in “stacking up” aircraft within a specified region 
preparatory to turning them over to the precision system 
for landing. The precision system takes over when an 
airplane is ready to land. The precision system provides 
a magnified view of a relatively small sector. This sector 
is a region 20 degrees wide and 7 degrees high, having a 
10-mile maximum radius. 


SECTION II 
FUNDAMENTALS OF RADAR 


4. PULSE TRANSMISSION. Like most radar sys- 
tems, Radio Set AN/MPN-1 utilizes pulse transmission. 
Instead of radiating continuously like the ordinary broad- 
casting transmitter, the radar transmitter concentrates 
its r-f energy into short bu sts or pulses, each consisting 
of a relatively large number of oscillations. The resulting 
radio waves strike material bodies and are reflected or 
reradiated in all directions. Good electrical conductors 
zive the best reflections; however, most materials that act 
as insulators at low frequencies will reflect high frequency 
radio waves. Part of the reflected energy is picked up by 
the radar receiver. If the energy were transmitted con- 
tinuously there would be continuaqus reflections and the 
strong transmitter output would block the receiver, making 
the weak echo signals difficult to detect. Pulse trans- 
mission :overcomes this difficulty since the transmitter is 
turned, off during the time echoes are received, and 
also provides a convenient means of measuring range. 
Usually, radar pulses have durations ranging from 0.5 
to 10 microseconds (millionths of a second). They are 
separated by much longer time intervals, usually by 
several hundred microseconds. The length or duration 
of a pulse is commonly called the pulse width. The 
number of pulses per second is called the pulse recurrence 
frequency (prf). Radio Set AN/MPN-1 uses a pulse 
width of about 0.5 microseconds, and has a pulse recur- 
rence frequency of about 2,000 pulses per second (pps). 
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Par. 5 


5. DIRECTIONAL ANTENNAS. In order to find the 
direction of a target from a microwave radar set, an 
antenna system which provides an extremely narrow beam 
of radiation is used. Such an antenna does not radiate 
r-f energy equally in all directions but radiates more 
energy in one direction than in any other. If the radar 
antenna were not directional, echoes would be received, 
but there would be no simple way to determine target 
direction. The more directional an antenna, the more 
precisely can targets be located. The form of the beam 
is influenced largely by the type of reflector backing the 
antenna array. If the reflector is a paraboloid of revolu- 
tion, or a parabolic “dish,” as it is sometimes called, 
the beam of radiation is a narrow circular cone, whose 
diameter depends on the size of the reflector compared 
with the wavelength of radiation. This type of beam is 
generally referred to as a conical beam. In the common 
application of the conical beam, the entire antenna as- 
sembly is rotated much like a searchlight. A single 
antenna placed at the focus of a reflector, whose cross- 
section is a parabolic cylinder, produces a fan-shaped 
beam. This type of reflector, as used by Radio Set 
AN/MPN.-1, is illustrated in figure 2. A number of anten- 
nas placed in a row or array along the focal line are fed 
consecutively from the same waveguide. The position of 
the directional antennas is adjusted in azimuth and eleva- 
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tion until the echoes bounced back from the target have 
maximum strength. The antennas are now pointing 
straight at the target and thus indicate the position of 
the target. An analogy will help to clarify the foregoing 
discussion. Assume that a searchlight is being pointed 
at an airplane. The airplane is most completely illumin- 
ated when it is in the center of the light beam. If the 
craft reflects light energy back to the searchlight, the 
amount of light received at the searchlight is greatest 
when the light beam is pointing straight at the airplane. 
If the searchlight beam were made very narrow, the only 
time the airplane would be illuminated at maximum 
intensity would be when the light was pointed directly 
at the airplane. In a similar way, the sharply focused 
radar pulses give precise information on the target posi- 
tion. The directivity of the radar antenna depends upon 
the positioning of the dipoles in the antenna array. 
Through proper placement of dipoles, side radiation is 
cancelled and forward radiation is reinforced. Whenever 
the directivity of the radar antenna system is increased, 
the area covered by the equipment is correspondingly 
decreased unless provision is made for turning the antenna 
in azimuth, tilting it in elevation, or both. In equipment 
that is to be used for searching a given area, the radiated 
beam must be narrow in the horizontal plane and yet 
provide complete coverage in the vertical plane. Under 
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Figure 2. Fan beam and parabolic reflector. 


——S ee 


TM 11-1543 


TRANSMITTING 
ANTENNA T 
O TIME 


General Theory 


Pars. 5-6 





RECEIVING 
\x ANTENNA R . 


MAIN 
PULSE 


A SCOPE A SCOPE 


loo MICROSECONDS= 9.3 MILES 


ECHO FROM TARGET 


TL 36149 


Figure 3. Range determination by radar. 


such circumstances, the antenna must be rotated in azimuth 
but not necessarily tilted in elevation to get wide coverage. 
This method is used in the search system of Radio Set 
AN/MPN.-1. If the radar equipment is required to cover 
only a narrow area in a given direction, the radar beam 
may be made to move back and forth over the necessary 
limits of coverage by electrical means. The precision 
system in Radio Set AN/MPN-1 covers only that region 
through which an airplane flies when making a safe 
approach to the airdrome runway. Therefore, the an- 
tennas of the precision system are not rotated when 
scanning but the beam is moved by electrical means. 


6. RANGE DETERMINATION. Radar determination 
of range depends on the known fact that radio waves 
travel in straight lines with the speed of light. Pulses 
of electromagnetic energy, sent out by the radar trans- 
mitter, are partially reflected or reradiated when they 
strike an object. A small part of this reflected energy 


returns to the transmitter where it is picked up by a 
sensitive radio receiver. Measuring the time interval 
between the transmission of the pulse and the reception 
of its echo provides data from which the range of the 
object producing the reflection may be determined. This 
reflection of electromagnetic waves from objects is similar 
to the production of echoes by sound waves. Shouting 
toward a cliff or some other sound-reflecting surface, 
one hears his shout return from the direction of the re- 
flecting surface. The time interval between the shout 
and its echo may be measured with a stop watch. This 
time interval increases with the distance of the observer 
from the object producing the reflection. Sound waves 
travel through air at approximately 1,100 feet per second. 
Thus if the observer stands 550 feet from the cliff, he 
hears the echo of his shout after a lapse of one second. 
If he is 2,200 feet away, he hears the echo after 4 seconds, 
and so on. The first half of the interval in each case is 
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the time required for the sound waves to reach the 
reflecting surface; the second half of the interval is the 
time taken for the echo to return to the source. Radio 
waves travel with the speed of light, 186,300 miles per 
second. Thus if a radar pulse were to be sent out in the 
direction of a reflecting body 93,150 miles distant, its 
echo would return exactly one second after the pulse was 
transmitted. Obviously this distance. is very large com- 
pared to the distances assumed in discussing the analogy 
with sound. It is also much greater than any distance 
measured in the practical application of radar. For 
this reason the time intervals involved in radar are mea- 
sured in microseconds or millionths of a second. Since 
one microsecond is the time required for a radar pulse 
to travel approximately 0.186 miles, it is a unit of 
suitable size for expressing radar time intervals. The next 
requirement is a mechanism capable of measuring these 
short time intervals. Mechanical devices are unsuited 
because the inertia of their moving parts makes them 
incapable of the sudden movements necessary to show 
these extremely short radar time intervals. The radar 
timer must be capable of repeating its time cycle at a high 
speed. The cathode-ray tube is well suited to this service. 
Its electron stream, sharply focused, and driven by linear 
sweep voltages. is made to act as a weightless pointer. 
This pencil of electrons causes a bright spot which moves 
across the screen at a uniform speed. If the beam requires 
100 mictoseconds to travel across the screen, half the 
traverse requires 50 microseconds, quarter traverse 25 
microseconds, and so on. It could be calibrated to read 
in microseconds; however, it is equally easy to make it 
read directly in miles. Since radar waves travel at a 
constant velocity of 186,300 miles per second, or 0.1863 
miles per microsecond, the. 100-microsecond sweep as- 
sumed abaye corresponds to a total travel of 18.63 miles. 
This means that one traverse of the sweep provides sufh- 
cient time for a radar pulse to leave the transmitter and 
be reflected back from an object 9.315 miles away. The 
range represented by the sweep is therefore said to be 
9.315 milés. If it were desired to have a maximum range 
of 30 miles the sweep time would be approximately 320 
microseconds. The cathode-ray tube used in the manner 
just described is referred to in radar terminology as an 
indicator. In its simplest form the indicator reads range 
only. A simple range indicator or range scope would have 
its linear sweep trace running across the diameter of the 


circular screen, exactly like an ordinary test oscilloscope. 


This type of display is referred to as type A display, and 
the instrument is simply called an A scope. Figure 3 
illustrates the use of an A scope in the determination of 
range. As the radar pulse leaves the antenna (T), the 
indicator begins its sweep. By direct pickup through the 
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receiving system, the transmitter pulse appears on the 
scope at the beginning of the trace. The pulse travels out 
to the target and its echo returns to the transmitting posi- 
tion where it is picked up by the receiving antenna (R) 
and applied to the indicator. The echo appears on the trace 
as a pip displaced from the transmitter pulse by the distance 
traversed by the sweep in 100 microseconds. The time 
required for the round trip therefore is 100 microseconds. 
Since this is the time required for a radar pulse to travel 
18.63 miles, the range of the target is half this distance 
or approximately 9.3 miles. Many other types of display 
are available. Radio Set AN/MPN-1 utilizes the PPI 
display in its search system. This type of indication is 
similar to type A so far as the method of determining 
range is concerned. It has the additional feature, however, 
of a timebase which rotates about the center point of 
the screen like the spoke of a wheel in synchronism with 
the rotation of a highly directional antenna. By this 
rotation the PPI presents azimuth as well as range. The 
indicators used in the precision system of Radio Set 
AN/MPN.-1 are similar to the PPI except that instead of 
rotating through a complete circle they scan only a 
sector of a circle, and expand this sector to occupy most 
of the area on the tube screen. This display is of the 
type referred to as Expanded Partial Plan Position Indica- 
tion (EPI). Both PPI and EPI are discussed at greater 


length in later chapters of this manual. 


7. TYPICAL RADAR SET. The relationships between 
the elements of a simple radar system are given here to 
assist in applying the basic principles to the systems 
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Figure 5. Radar receiver, block diagram. 


involved in Radio Set AN/MPN.-1. Basically, a radar 
set can be divided into seven components: a central tim- 
ing and synchronizing unit, a modulator, a transmitting 
oscillator, an antenna system, a transmit-receive switch 
or T-R box, a receiver, and an electrical measuring device 
or indicator. Figure 4 shows the interconnection between 
these seven component parts used in a typical radar set. 


a. Central Timing and Synchronizing Unit. This 
unit generates the pulse which keys the modulator and 
starts the electrical time measuring circuit of the indi- 
cators. Other voltage waveforms generated in the syn- 
chronizer are used for range calibration, gating, and 
blanking of the indicator between sweeps. The timing 
circuit in the indicator must be started at the same instant 
that the transmitter is pulsed so that the elapsed time 
between the outgoing transmitter pulse and the returning 
target echo can be measured accurately. 


b. Modulator. The modulator receives a sharp trig- 
ger pulse from the synchronizer. This trigger pulse starts 
the action of a circuit in the modulator that has a pre- 
cisely regulated period of operation. This stage is often 
referred to as the driver and its output is a square-wave 
pulse of short duration. The transmitting oscillator will 
oscillate only during the duration of the driver pulse. 
The output from the driver stage is not of sufficient 
amplitude to control the transmitter without additional 


amplification. The remainder of the modulator circuit’ 


steps up the driver pulse before applying it to the trans- 
mitter. 


c. Transmitter. The transmitting oscillator tube is 
a magnetron. The high-voltage pulse from the modulator 
is applied to the magnetron circuit, causing a series of 
ultra-high frequency oscillations which are fed to the 
antenna system. 


d. Antenna Sysiem. The radio energy from the trans- 
mitter may be fed to the antenna system through a coaxial 
transmission line, or at higher frequencies, through a 
hollow waveguide. The transmission line coupling and 
other connections are usually referred to as r-f plumbing. 
Since the transmitter uses the antenna system for only a 
small fraction of the total time, the same antenna system 
can also be used for the reception of the reflected pulses 
or echoes. For maximum power transfer, the transmis- 
sion line must match the impedance of the transmitting 
tube on the input end and the impedance of the antenna 
on the output end. The antenna array, composed of di- 
poles or half-wave radiators, is set at the focus of a 
parabolic reflector designed to produce a narrow beam 
of radiation. This beam is made to scan the area to be 
covered in a definite pattern, either electrically or 
mechanically. 


e. T-R Box. Because the same antenna system is used 
by both the transmitter and the receiver, some means of 
blocking the high-power transmitted pulse from the sensi- 
tive receiver components must be provided. If the trans- 
mitted pulse were allowed to enter the receiver it would 
result in damage to the input circuit. The T-R box 
functions as an electronic switching device to block the 
high power pulse from the receiver and allow the rela- 
tively weak echo signals to pass through to the receiver 
circuit and not be attenuated by part of the received 
signal going into the transmitter circuit. 


f. Receiver. Radar receivers are usually of the super- 
heterodyne type (fig. 5). The local oscillator produces 
an r-f signal which is mixed in a crystal detector with 
the incoming echo signals to produce an intermediate 
frequency signal which is the difference between the two 
r-f frequencies. ‘The local oscillator, mixer, crystal de- 
tector, and first stages of i-f amplification are placed very 
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close physically to the transmitter so that the weak echo 
signals are not attenuated by a transmission line to the 
receiver proper. From the preamplifier stages, the i-f 
signal goes to the receiver where it is amplified through 
a series of high gain tubes and passed on to a second 
detector. The output of the second detector is a video 
signal and is similar to the audio output of an ordinary 
radio receiver. The video signal is amplified and applied 
to the indicator system. 


g- Indicators. Various types of cathode-ray tubes can 
be used very satisfactorily as radar indicators. In the 
cathode-ray tube a stream of electrons emitted by the 
cathode is formed into a beam and focused upon a screen 
of fluorescent material to form a spot of light. This 
electron beam can be swept across the face of the tube 
many times a second by the application of voltage or 
current waves to deflecting plates or coils. If the electron 
beam moves often enough over the same path, the eye sees 
it as an unbroken line. In the simplest case, the electron 
beam is swept horizontally across the face of the tube at 
a constant rate each time the transmitter is pulsed. The 
voltage applied to the horizontal deflecting plates to 
produce this timebase sweep has a saw-tooth waveform. 
Another set of plates, at-right angles to the first, provide 
a vertical deflection of the electron beam at the same 
time that it is being deflected horizontally. When the echo 
‘detected by the receiver is applied to the vertical plates, 
a sharp pip or vertical mark appears, perpendicular to 
the trace, at a distance from the beginning of the trace 
proportional to the distance traveled by the transmitted 
pulse. The type of presentation described above is 
generally termed type A display. Thus the video signal 
amplitude modulates the trace. Certain other types of 
presentation provide more complete information on one 
indicator tube. In general, these types are intensity (or 
brilliance) modulated; that is, the control grid of the 
tube is biased to cutoff, allowing the trace to appear 
faintly, and the echo signal from the receiver is fed to 
the grid as a positive voltage. This increased voltage 
brightens the spot caused by the electron stream. The 
resulting increased flow of electrons causes a brighter 
dot to appear on the face of the tube. The PPI has a 
radial sweep beginning at the center and extending out 
to the edge of the screen. The angular position of the 
sweep at any instant represents the direction the r-f beam 
's pointing at that instant. The sweep is made to rotate 
uniformly about the center of the screen in synchronism 
with the rotating antenna, and the echo signals are dis- 
played on the face of the tube as bright arcs of light. 
Thus, the PPI produces on the screen a circular radar 
map of the surrounding area, with its center point located 
at the antenna. Range is indicated by the distance of 
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the echo signals from the center point; and bearing, by 
the angular position of the echo signals. Other types 
of indicators are used for special applications, varying 
mostly in the type of information shown on the screen. 
An important type used in Radio Set AN/MPN-1 is the 
expanded partial PPI, abbreviated as EPI. This type of 
indicator is used with a sector scanning antenna in the 
precision system to enlarge the scale of the radar map. 
PPI type presentation and a sector expanded by an 
EPI indicator is shown in figure 6. 
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Figure 6. PPI and EPI presentation. 


~ SECTION fil 
REFINEMENTS IN RADIO SET AN/MPN.1 


8 GROUND-CONTROLLED APPROACH (GCA). 
The radar and communications equipment included in 
Radio Set AN/MPN-1 has been designed to accomplish a 
definite mission, that of assisting the pilots of aircraft in 
making a safe landing under conditions of poor visibility. 
For this reason it contains many refinements not found in 
a typical radar set. Some of the outstanding features of 


Radio Set AN/MPN.-1 are described below. 


a. Narrow Pulse Width. The pulse transmitted by 
Radio Set AN/MPN.-1 has a duration of 0.5 microseconds. 
The narrowness of this pulse insures good definition of 
echoes, and a maximum of resolving power at short 
ranges. 


b. Highly Directional Antennas. The highly direc- 
tional antennas used with Radio Set AN/MPN-1 minimize 
the error in determining position. The search antenna 
provides a beam approximately 7 degrees wide in azimuth. 
The precision elevation antenna beam is 0.4 degrees wide 
in elevation, and the precision azimuth beam is 0.6 degrees 
wide in azimuth. The narrowness of the elevation and 
azimuth beams reduces the error in estimating a landing 
airplane’s deviation from the proper glidepath to approxi- 
mately 5 feet, at ranges of a mile or less. 
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| Figure 7. Radio Set AN/MPN.1, simplified block diagram. 
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c. Two Systems of Operation. The inclusion of two 
systems of operation in Radio Set AN/MPN-1 permits 
equipment and operating personnel to work at maximum 
efficiency at all times. The search system provides a 
general coverage of the surrounding area and makes 
possible the control of trafic while aircraft await their 
turn to land. The precision system has been designed to 
provide maximum control during the actual landing opera- 
tion when deviations of only a few feet from a prear- 
ranged glidepath must be detectable. 

d. Provision of a Stand-by Channel. To minimize 
the possibility of interrupted operation due to a sudden 
failure of some part of the equipment, most of the units 
have been duplicated to provide two channels of opera- 
tion. Provisions have been made for switching quickly 
from one channel to the other. 

e. Communication System. The radio communica- 
tion equipment included with Radio Set AN/MPN-1 pro- 
vides for two-way contact with aircraft on 21 channels, 
three of which may be used simultaneously. Twelve of 
these channels are in the HF band and the other nine 
are in the VHF band. An additional receiver is used to 
monitor the control tower frequency. 


9. FUNCTIONING OF RADIO SET AN/MPN-1. 
Figure 7 is a block diagram of one radar channel of 
Radio Set AN/MPN-1, showing both search and precision 
systems. A brief discussion of the equipment follows: 

a. Search System. The search system of Radio Set 
AN/MPN-1 is a complete 10-centimeter, or S-band radar 
system. The continuously rotating antenna and duplicate 
PPI indicators provide general coverage of the area sur- 
rounding the station up to a maximum range of 30 miles. 
The search transmitter uses a magnetron oscillator driven 
by high-voltage pulses from a modulator unit. The miodu- 
lator unit contains a common driver stage triggered by 
the synchronizer pulse, and two pairs of switch tubes. 
One pair of switch tubes applies the high-voltage pulse 
to the search magnetron and the other pair of switch 
tubes pulses the precision magnetron. The output of the 
S-band search magnetron is fed to a broadside array of 
33 dipoles mounted along the wide side of a section of 
S-band waveguide, and backed by a cylindrical parabolic 
reflector. This array produces a fan-shaped radiation 
pattern 7 degrees wide in azimuth. Echoes are picked up 
by the rotating antenna, and fed via the T-R box to a 
mixer in the receiver where they beat with the frequency 
of the klystron local oscillator to give an intermediate 
frequency of: 30 megacycles (mc). This 30-mc signal is 
amplified by a two stage preamplifier in the radio fre- 
quency unit and applied to the five stage i-f amplifier of 
the receiver. It is then detected by the second detector 
' and the video signal is amplified by the video amplifier. 
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The video output of the receiver is applied directly to 
the grid of the search indicator cathode-ray tube. Sweep 
and intensifying voltages, range markers, an identification 
strobe, and an auxiliary trigger pulse are generated by the 
circuits of the search centrals. The auxiliary trigger pulse 
is used for internal triggering when the precision system 
is not in operation. -Ordinarily the search centrals are 
triggered by a negative-going pulse from the synchronizer 
unit. Each of the search indicators has its own search 
central, and its own low-voltage power supply. — 


b. Precision System. The precision system operates 
in the 3-centimeter or X band, and provides elevation and 
azimuth information on separate indicator systems. The 
output of the 3-centimeter magnetron oscillator is applied 
alternately to the azimuth and elevation antennas by a 
motor driven r-f switch. A blanker commutator mounted | 
on the same shaft as the r-f switch causes the output of 
the receiver to appear alternately on the azimuth and 
elevation indicators. Thus each of the two indicator sys- 
tems presents data during half the time required for the 
commutator shaft to make one revolution. The precision 
magnetron receives its high-voltage pulse from a switch 
tube circuit in the same modulator unit that actuates the 
search transmitter. A single receiving system serves both 
the azimuth and the elevation systems. Local oscillator, 
mixer, and preamplifier are located in the radio frequency 
unit along with the transmitting magnetron. The signal 
output of these circuits is applied at an i-f frequency of 
30 megacycles to a receiver identical in design with that 
used in the search system. The video output of this 
receiver receives further amplification in the synchronizer 
unit and is then applied to the grids of the indicator 
cathode-ray tubes. Each of the precision indicators util- 
izes two cathode-ray tubes, one presenting a 10-mile range, 
and the other a 2-mile range. The indicator sweep and 
intensity voltages are supplied by the sweep amplifiers, 
which are triggered by a negative-going pulse from the 
synchronizer unit. The azimuth and elevation systems 
are each provided with two sweep amplifier units, one of 
which serves as a stand-by. Both azimuth and elevation 
antennas scan electrically, by means of a system which 
mechanically varies the width of the waveguide feeding 
the transmitting dipoles. This scanning mechanism is 
geared to the commutator shaft, and thus is synchronized — 
with the operation of the r-f switch and blanking com- | 
mutator. The elevation antenna array consists of 173 
collinear dipoles mounted vertically along the wide side 
of a section of X-band waveguide. This waveguide is 
formed from two telescoping sections and thus has the 
long side of its cross-section variable (fig. 108). Varying 
the length of this cross-section of the guide varies the 
wavelength in the guide, and thus effects a progressive 
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change in phase from one dipole to the next throughout 
the length of the array. Changing the phase of the di- 
poles with respect to each other changes the angle of the 
resultant beam. By continuously changing the width of 
the waveguide the elevation antenna beam scans through 
an angle of 7 degrees. The azimuth antenna is constructed 
similarly except that it has 121 collinear dipoles mounted 
horizontally, and its beam scans through 20 degrees. 
Both antennas are backed by reflectors whose cross-section 
is a half parabolic cylinder. 


c. Synchronizer. The synchronizer generates and 
supplies the master trigger pulse which synchronizes the 
entire radar set. The positive-zoing pulse from this unit 
actuates the trigger circuit in the modulator, while the 
negalive-going pulse synchronizes the precision sweep 
amplifiers and the-master gating multivibrator in the 





Figure 8 Observer's position. 
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search central. In addition, the synchronizer performs 
certain specialized functions in connection with the pre- 
cision system. This unit includes the precision video 
amplifier, blanking voltage amplifiers, angle voltage cir- 
cuits, and range mark circuits. 


10. OPERATION OF GCA. 


NOTE: The following di-cussion is not intended 
as tactical operation procedure. Some know- 
ledge of the operational use of this equipment 
is required in order to give a clear understand- 
ing of the function and relationship between 
components of the set. The examples are pre- 
sented with this thought in mind only. 


a. Operating Personnel. (1) The OBSERVER is 


stationed at the observation window (fig. 8) during opera- 
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tions, and monitors the controller to see that all necessary 
information is given the aircraft at the proper time. The 
observer’s position also has facilities to monitor the air- 
field control tower so that control over aircraft may be 
coordinated. Any aircraft taxiing, taking off, or pro- 
viding a hazard to the airplane making an approach can 
be seen through the observation window and reported to 
other operating personnel over the intercommunication 
system. The instant that the approaching aircraft breaks 
through the overcast it is reported over the intercom- 
munication system. Should the observer see that the 
landing aircraft is in immediate danger he can instantly 
take over control from the controller. 


(2) The TRAFFIC DIRECTOR is stationed at the No. 1 
PPI position in bay 6 of the indicator rack (fig. 9) and 
is responsible for the initial pickup, identification, and 
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initial directions to all aircraft landing on GCA. The 
push-to-talk transmit switch; illumination controls for the 
map, compass rose, clock; and the variable-range strobe 
control aré within easy reach of the No. 1 PPI position. 
The compass rose must be set correctly before the start 
of each operational period and the navigating head is 
used during operations to give accurate compass readings. 
In the case of heavy clouds, the search receiver remote 
gain control in the center of the intercommunications 
panel is used to reduce heavy cloud signals until the 
aircraft can be seen through them.. The map is used to 
mark the gate point and other turning points as well as 
areas into which it would be hazardous to direct aircraft. 


(3) The PLANE SELECTOR is stationed at the No. 2 
PPI position in bay 4 of the indicator rack. He accepts an 
aircraft from the traffic director, gives the pilot prelimin- 
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Figure 9. Operating positions. 
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ary instructions, including cockpit drills, and maneuvers 
the craft until it appears on the azimuth and elevation 
trackers’ indicator scopes in a suitable position to start 
its approach. The No. 2 PPI position is identical with 
the No. 1 position, therefore, the plane selector has the 
same controls and instruments to use as the traffic director. 
In case of an emergency, when the precision system is 
inoperative, the plane selector may be required to direct 
the aircraft for the complete approach. In this case the 
search receiver remote gain control should be carefully 
adjusted for a sharp image on the CRT screens so that 
the information presented is as accurate as possible. An 
extension of the runway, out to 15 miles. is drawn on the 
plane selector’s map to aid in directing aircraft. 


(4) The AZIMUTH TRACKER is stationed at the pre- 
cision azimuth indicators. He keeps the azimuth tracking 
cursors smoothly aligned on the approaching aircraft’s 
signals by the use of the azimuth tracking handwheel. 
The tracking cursors control both the azimuth error meter 
and the aural signal output. The DATA GOOD toggle 
switch is snapped off whenever the data is questionable. 
This switch turns off the light illuminating the azimuth 
errormeter and prevents the controller from giving the 
aircraft -incorrect azimuth information. The azimuth 
tracker also keeps the elevation antenna aligned in azimuth 
by moving his foot pedals until the aircraft echo is 
bracketed by the V-shaped servo cursor. A toggle switch 
changes the scanning rate of the precision antennas from 
one sweep per second to four sweeps per second. The 
azimuth tracker switches to high-speed scanning when the 
approaching aircraft is approximately 5 miles away. The 
video gain for the azimuth indicators is adjusted by 
means of the remote video gain control which is within 
easy reach of the operator. 


(5) The ELEVATION TRACKER is stationed at the 
precision elevation indicators. He keeps the elevation 
tracking cursors smoothly aligned on the approaching 
aircraft's echo by means of the elevation tracking hand- 
wheel. This cursor controls the elevation errormeter 
and the red clevation warning light which indicates when 
the aircraft is more than 50 feet below the glidepath. 
The elevation tracker’s DATA GOOD switch controls the 
light illuminating the elevation error meter thus _pre- 
venting the controller from giving the aircraft incorrect 
elevation information. He also keeps the azimuth an- 
tenna aligned in elevation by moving the foot pedals until 
the aircraft's echo is bracketed by the V-shaped servo 
cursor, The elevation tracker tells the controller the 
range of the aircraft at prearranged intervals. The video 
gain for the elevation indicators is controlled by means 
of the remote video gain control within easy reach of 
the operator. 
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(6) The APPROACH CONTROLLER is stationed at the 
errormeter panel and is in charge of the operating crew. 
He interprets the meter readings and the display, and 
gives appropriate instructions to the pilot of the landing 
aircraft over the radio communications system. In the 
case of fighter planes, the controller will usually give the 
cockpit drill. The main controls used in this position are 
the transmit-receive switch, an aural signal switch, and a 
switch on the microphone cord which permits the con- 
troller to turn off his microphone independently of his 
transmitter carrier. 


b. Typical Aircraft Landings. The following ex- 
ample for a typical approach assumes that a predeter- 
mined rendezvous point will be used. The rendezvous 
point is called the “gate” and may be a marker beacon. 
The maneuvering and spacing of aircraft before they 
reach this gate is a tactical problem and is not a function 
of Radio Set AN/MPN-1. Consider a group of aircraft 
desiring to land with the aid of GCA. Each airplane 
should have a receiver and a transmitter tuned to radio 
channel HF] or VHF1. The traffic director also has a 


receiver and transmitter on the same channel. 


(1) As each airplane passes over the gate, it will con- 
tact the traffic director. If the aircraft being landed 
is at least 214 to 3 minutes behind its predecessor, the 
trafic director will direct it towards the start of the 
glidepath while keeping it at the proper elevation. If 
there is another airplane less than 214, minutes ahead 
of this one, the traffic director delays the newcomer until 
he is at least 214 minutes behind the airplane being landed 
at that time. The traffic director uses the push-to-contact 
switch which illuminates the lucite compass rose on the 
CRT head when selecting the heading or bearing given 
to the pilot. At about this point the director tells the 
pilot to check the gyro compass. When the craft is about 
1014, miles from the field the traffic director switches the 
identification mark strobe on. He does this by throwing 
the IDEN. MK. switch to the No. ] position and moving 
the VARIABLE STROBE control until the strobe coincides 
with the aircraft signal. In case operating personnel do 
not care to use the strobe, the same information can be 
conveyed by verbally announcing the range of the target. 


(2) When the plane selector is ready he requests the 
next airplane from the traffic director. The selector also 
throws his IDEN. MK. switch to the No. 1 position, per- 
mitting him to see the director’s strobe and aiding him 
in identifying the craft that the director is about to 
transfer. The director verbally gives the selector informa- 
tion on the landing airplane in the following manner: 
“Next ‘plane, C Charlie, Liberator, range 10, elevation 
2,500.” The director then contacts the airplane on the 
radio communications system with instructions to shift 
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te radio channel 2. The director then shuts off his strobe 
and turns his attention to the next target. 


(3) Using radio channel HF2 the selector directs the 
pilot until the airplane is about 614 miles from the field, 
and at this point gives the pilot cockpit drill. The selector 
is now using the 7.5-mile range sweep and should be able 
tq: direct the pilot accurately enough to have him within 
plus or minus 500 feet from the center of the glidepath in 
azimuth and at 1,000 feet in elevation when the range of 
the airplane reaches 5.5 miles. The selector then places 
his strobe on the airplane by turning his IDENT. MK. 
switch to the No. 2 position, and also places his strobe 
on the precision indicators by placing his X SYSTEM 
switch on No. 2 position. He now tracks the craft in range 
using his VARIABLE STROBE control. When the ap- 
proach controller is free to handle an airplane he requests 
“Next plane” from the selector. The selector replies, 
“Next plane, C Charlie, Liberator, 5.5 miles, 1,000 feet.” 
The azimuth and elevation trackers use this information 
and strobe mark to locate the aircraft. As soon as they 
have located the airplane and have started to track it 
with both servo and errormeter cursors they turn on 


their DATA GOOD switch. 


(4) The controller then turns to the selector and says, 
“Over to me.” Selector then contacts the airplane on the 
communications system and request the airplane to switch 
its radio communications channel calling, “Over to chan- 
nel 3, over.” Selector then turns off his strobe mark, ac- 
cepts the next following airplane from the director, per- 
mitting the director to start maneuvering a-third ship 
into position for a landing. If airplane C Charlie is 
equipped with VHF it shifts both its transmitter and re- 
ceiver to channel 3. If it is equipped with HF com- 
munications equipment it shifts only its receiver to chan- 
nel 3 leaving its transmitter on channel 2. (A shift in 
channels at this point would be difficult with Radio Set 
SCR-271-N communications equipment.) Therefore, the 
controller’s Radio Receiver BC-342-A is left on channel 
HF2 while the controller’s transmitter is on channel HF3. 


(5) As soon as radio contact has been established, the 
controller gives the pilot whatever azimuth or elevation 
correction may he necessary to keep him on the correct 
glidepath. At this range, azimuth information is given 
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in the form of magnetic compass headings such as: “Take 
heading 275 degrees” and elevation information as rate 
of descent such as “Start to descend at 500 feet per 
minute.” Meanwhile the azimuth tracker has turned on 
the rapid precision scan, thus providing the most accurate 
data possible. 


(6) The elevation tracker is reporting ranges at 1-mile 
intervals. When the range is about 4 miles the con- 
troller turns on the aural signal unit, thus providing con- 
tinuous azimuth information to the pilot. It is not 
absolutely necessary that the aural signal unit be turned 
on since azimuth information can be given verbally. 
However, use of the aural signal unit usually results in 
much smoother approaches. The controller can now stop 
giving magnetic compass headings and confine his remarks 
to elevation data except for an occasional “Left 4 degrees 
—Right 2 degrees” etc. 

(7) When the range is about 2 miles, the elevation 
tracker begins to report range at 14-mile intervals. The 
observer is on the alert at the observation window and 
should see the airplane break through the overcast. When 
the airplane does break through. and if it is in a position 
for safe landing, the pilot is instructed to take over. 


(8) If the airplane reaches a point 14 mile from the end 
of the runway and still has not been seen by the observer, 
the controller must decide instantly whether or not the 
craft is in a safe position to land. If it is, he tells the 
pilot in the following manner: “Range 14 mile; your rate 
of descent OK; the center of the runway is 50 feet to 
your right; take over and pancake.” If the airplane is 
not in a position where it could make a safe landing, the 
controller requests the pilot to “Pull up at once to 1,500 
feet and return to radio channel 1.” 


(9) Throughout operations the plane selector, azimuth 
tracker, and observer must be constantly on the alert to 
report to the controller any other aircraft that might be 
a hazard to the ship on the glidepath. In case such a 
hazard develops. the controller should warn the pilot of 
the landing aircraft by requesting “Emergency sharp left 
(or right) turn.” As soon as the controller has instructed 
the pilot to take over, the controller turns off the aural 
signal unit and his transmitter. He then requests the 
next ship from the selector and the routine is repeated. 
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TECHNICAL CHARACTERISTICS AND LIST OF MAJOR COMPONENTS 


11. CHARACTERISTICS. The principal technical features of Radio Set AN/MPN-1 are as follows: 





Features Search system Precision syxtem 
Wavelength 10-cm band 3-cm band 
Frequency Approx 3.000 me Approx 10,000 me 


Peak power output 

Pulse width 

Pulse recurrence frequency 
Maximum range 

Scan 


Height limit 
Range accuracy 


Flevation accuracy 


Azimuth accuracy 


Power requirements: 


When furnished by the PE-127-A units: 


When furnished by commercial power: 


Setting-up time 


12. LIST OF MAJOR COMPONENTS. 


85 to 100 kw 

0.5 microseconds 
Approx 2.000 pps 
30 miles 


360° 

4.000 feet 

Tl4-mi range + 14 mi 
15-mi range + 14 mi 
30-mi range + 34 mi 


Resolution of airplanes 700 
ft apart at 4-mi range. 


15 to 20 kw 

0.5 microseconds 
Approx 2.000 pps 
10 miles 
Klevation 7° 


Azimuth 20° 


2-mi tube no 
measurable error 
10-mi tube + 200 feet 


Error equals + 50‘: of 
deviation from the 
clidepath in feet 

Resolution of airplanes 55 ft 
apart at) 2.500-ft range on 
2-m tube: 500 ft apart. at 
22.000-ft range on 10-mi 
tuhe. 


117-volt, 60-cycle. single-phase, 15-kva supply. 
110-220-volt, 60-cycle, single-phase. 10-kva max load supply. 


2'4, hours for complete set up. Change of runway 40 minutes. 





Descriptive name 


Army-Navy nomenclature 





Air blower unit 

Air conditioning unit 
Altimeter unit 

Angle capacitor unit 
Angle take off 

Aural signal 
Azimuth antenna 
Azimuth director 
Azimuth indicator 
Azimuth reflector 
Azimuth scanner or squeeze box 
Azimuth servo 
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Air Blower Unit 
Air Conditioner 
Altimeter Unit 


MX-35/MPN-1 
MX-31/MP 
1D-94/MPN-1 


Angle Capacitor Unit 

Angle Coupling Unit 

Aural Signal Unit 

Azimuth Antenna Assembly 

Azimuth Director Assembly 

Azimuth Indicator 

Azimuth Reflector 

Azimuth Antenna Array 

Azimuth Antenna Follower Assembly 


CU-15/MPN-1 
CU-14/MPN-1 
0-8/MPN-1 
AS-40/MPN.-1 
MX-32/MPN-1 
1D-36/MPN-1 
AT-20/MPN-1 
AS-41/MPN-1 
MX-47/MPN-1 





| 
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Descriptive name Army-Navy nomenclature 
Beacon receiver Tower Receiver ~ BC-1206-C 
Capacity divider | Voltage Divider TS-222/MPN-1 
Commercial power connector panel Junction Box J-29/MPN-1 
Communications HF antenna (whip antenna) 
Communications VHF antenna (stub antenna) Antenna AT-22/MPN-1 
Communications rack A Communications Rack MT-121/MPN-1 
Communications rack B Communications Rack MT-120/MPN-1 
Communications test equipment (SCR-274) Test Equipment RC-55-A 
Communications test equipment (SCR-522) Test Equipment IE-19-A 
Corner reflector Reflector Target MX-233/UP 
Drive motor assembly Motor Drive Unit PU-38/MPN-1 
Elevation antenna Elevation Antenna Assembly AS-42/MPN-1 
Elevation director Elevation Director Assembly MX-33/MPN-1 
Elevation indicator Elevation Indicator ID-37/MPN-1 
Elevation reflector Elevation Reflector AT-21/MPN-1 
Elevation scanner or squeeze box Elevation Antenna Array AS-43/MPN-1 
Elevation servo Elevation Antenna Follower Assembly MX-48/MPN-1 
Error meter Approach Indicator ID-38/MPN-1 
Flux meter Flux Meter TS-15/AP 
Headphone matching assembly Headphone Matching Assembly CU-46/MPN-.-1 
HF communications equipment Radio Set SCR-274-N 
Hydraulic leveling system Hydraulic Leveling System MX-34/MPN-1 
Indicator rack Indicator Rack MT-118/MPN-1 
Intercommunications panel Intercommunications Panel SB-2/MPN-1 
Modulator Modulator MD-11/MPN-1 
Mounting Search Antenna Mount MT-122/MPN-1 
Negative power supply Rectifer Power Unit PP-25/MPN-1 
Observer’s control box Observer’s Control Box C-139/MPN-1 
Observer’s desk Observer’s Desk MX-204/MPN-1 
Oscilloscope 
Photoelectric commutator Commutator Unit SA-40/MPN-1 
Power distribution panel Power Distribution Panel SB-1/MPN-1 
Power monitor Power Monitor TS-36/AP 
Power monitor Power Monitor TS-125/AP 
PPI central Search Central SN-6/MPN-1 
PPI indicator Search Indicator ID-35/MPN-1 
PPI power supply Rectifier Power Supply PP-27/MPN-1 
Prime mover - Truck V-8/MPN-1 
Power extension cord Junction Box J-45/MPN-1 
Power units Power Unit PE-127-A 
Receiver Radar Receiver R-38/MPN-1 
Reflector Search Reflector AT-19/MPN-1 
Rotoflector Search Antenna Assembi; AS-38/MPN-1 
SCR-274 antenna relay Antenna Relay Unit BC-442-A 
SCR-274 control box Radio Control Box BC-456-A 
SCR-274 dynamotor Dynamotor DM-33-A 
SCR-274 power supply Rectifier Power Unit ; PP-28/MPN-1 
SCR-274 receiver Receiver BC-342-N 


15 


Par. 12 


Descriptive name 


SCR-274 transmitter 


SCR-522 control box 
SCR-522 dynamotor 


SCR-522 power supply | 
SCR-522 transmitter-receiver assembly 
S antenna 

S echo box 

S field transmission line 

S heterodyne converter and preamplifier 
S rotary transmission line 

S test set 

S transmitter 

Signal generator 

Sweep amplifier 

Switching unit 

Synchronizer 

Synchroscope 

Test rack . 
Tower receiver antenna mounting assembly 
Tower receiver control panel 

Tower receiver power supply 

Trailer 

Trailer connector panel 

Transmitter control box. 

Transmitter h-v power supply 
Transmitter rack 

Truck connector panel 

Truck telephone box 

Tube tester 

VHF communications equipment 
Voltage regulator 

Weston analyzer and multiplier 

X echo box 

X heterodyne converter or preamplifier 
X test set 


X transmitter 
300-v power supply 
4-kv power supply 
4-kv relay assembly 
200-v. power supply 
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Transmitters 


Radio Control Box 


Dynamotor Unit 


Rectifier Unit 


Search Antenna Array 


Echo Box 


Transmission Line 


Transmission Line 


Test Set 


Radio Frequency Unit 


Sweep Amplifier 
Switching Unit 
Synchronizer 
Synchroscope 
Test Rack 


Antenna Bracket Assembly 
Tower Receiver Control Box 
Rectifier Power Unit 


Trailer 
Junction Box 
Control’ Box 


Rectifier Power Unit 


Transmitter Rack 
Junction Box 
™ ‘evhone Box 


Hadio Set 


Voltage Regulator Unit 


Test Set 


Test Set 


Radio Frequency Unit 
Rectifier Power Unit 
Rectifier Power Unit 


Relay Assembly 


Rectifier Power Unit 
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BC-696-A, 
BC-457-A, 
BC-458-A 
BC-602-A 
PE-94-A or 
PE-98-A 
RA-62 


AS-39/MPN-1 
TS-217/MPN-1 
CG-30/MPN-1 


CG-31/MPN-1 
TS-224/UP 
RF-7/MPN-1 


AM-15/MPN-1 
SA-8/MPN-1 
SN-5/MPN.1 
TS-64/MPN-1 
MT-287/MPN.1 
AB-43 /MPN-1 
C-140/MPN-1 
PP-100/MPN-1 
V-2/MPN-1 
J-30/MPN-1 
C-61/MPN-1 
PP.26 /MPN-1 
MT-119/MPN.1 
J-31/MPN-1 
TA-6/MPN-1 


SCR-522-A 
CN-3/MPN-1 


TS-225/MPN.1 


TS-13/AP 
(modified) or 
TS-191/MPN.-1 
RF-6/MPN-1 
PP-22/MPN.1 
PP-23/MPN-1 
RE-3/MPN-1 
PP-24/MPN-1 
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CHAPTER 2 


THEORY OF SEARCH SYSTEM 


SECTION I 
INTRODUCTION 
13. PURPOSE AND DESCRIPTION. To assist air- 


craft in landing under conditions of poor visibility, Radio 
Set AN/MPN-1 must perform two distinct functions. 
First, it must provide information for stacking up the 
aircraft and for manuevering them into position for the 
approach to the runway. Second, it must provide a 
system which will accurately direct the airplane during 
the approach on a given runway. The first of these re- 
quirements is fulfilled by the search system of the radio 
set while the second requirement is handled by the pre- 
cision system. The search system does not operate 
entirely independent from the precision system because 
some componems such as power supplies, modulators, 
and timing circuits are shared between the two systems. 
Nevertheless, the search system may be thought of as a 
complete and independent radar set. The search system 
of Radio Set AN/MPN-1 operates in the 10-centimeter or 
S band of frequencies, and presents a radar map on the 
PPI showing the location of all aircraft within a radius 
of 30 miles and having an altitude of less than 4,000 feet. 
It uses a mechanically rotated antenna system which 
scans through 360 degrees in azimuth and presents data 
-on two PPI display indicators. Information provided 
by this system enablesthe GCA operators to control traffic 
and to maneuver airplanes into a position where they may 
be turned over to the precision system for landing. 

a. Dual Channel Design. The transmitting and re- 
ceiving equipment of the search system, together with 
their associated power supplies, is in duplicate. The 
first set of equipment is designated channel A while the 
second is called channel B. The precision system has 
similar duplication. Radio Set AN/MPN-1 has been de- 
signed in this manner so that the failure of one component 
in the channel during landing operations will not render 
the set useless. The spare channel may be switched on 


and landing operations continued. The spare channel is, 


maintained in a stand-by condition by the preheat cir- 
cuit so that the channel switching time is held to a 
minimum. 


b. Coverage. Each search indicator is provided with 
a range selector switch that may be set to 714, 15, or 30 
miles. Thus, the range of coverage on either search 
indicator may be selected independently. Normally the 
No. 1 PPI indicator is used by the traffic director who 
stacks up and gives preliminary instructions to aircraft 
awaiting their turn to land. The airplanes which he is 


following are usually at greater range than those handled 


by the plane selector on the No. 2 PPI indicator. 
Only two search indicators are provided in Radio Set 
AN/MPN-1 and both are in operation regardless of 
which channel is being used. In case of an emergency, 
one PPI indicator can be made to serve both the traffic 
director and the plane selector. The beam radiated by 
the search antenna in the vertical plane, is high enough 
to escape most ground objects which would give con- 
fusing refledtions, and still detect aircraft at a minimum 
glide angle. The beam, while not giving complete over- 
head coverage, flattens out at approximately 4,000 feet 
in altitude so that during most of its range it is nearly 
flat-topped. 7 


c. Location of Components. The physical grouping 
of components frequently does not conform to the logical 
functional grouping. For example, the crystal mixer 
which is part of the receiving system, is located in the 
transmitter compartment so that it may be physically close 
to the T-R box. The theoretical discussion to be given 
in the succeeding sections will take up the components 
in their functional order. It will be useful, however, to 
first give a brief description of the physical layout of 
components. 


(1) RADIO FREQUENCY UNIT RF-7/MPN-1. This 
unit provides two complete r-f channels which are located 
side by side within the one compartment in bay 9 of the 
transmitter rack (fig. 10). 


(2) MODULATOR MD-11/MPN-1. There are two iden- 
tical modulator units both located in bay 8 of the trans- 
mitter rack. One is in the channel A circuit while the 
second is in the channel B circuit. 


(3) RADAR RECEIVER R-38/MPN-1. Two identical 
radar receivers are used in the search system and they are 
in bay 7 of the transmitter rack. The channel A receiver 
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is located at the top of the rack just above the channel B 
receiver. : 


(4) RECTIFIER POWER UNIT PP-26/MPN-1. A sepa- 
rate high-voltage power supply is provided for each of the 
two modulators. They were both located in bay 7 of the 
transmitter rack. 


(5) SEARCH INDICATOR ID-35/MPN-1. The No. 1 
search indicator is in bay 6 of the indicator rack (fig. 11) 
and the No. 2 search indicator is in bay 4. These are 
Tespectively the operating positions of the trafic director 
and the plane selector. | 


(6) SEARCH CENTRAL SN-6/MPN-1. There are two 
_ identical search centrals that supply sweep and operating 
voltages to the search indicators. They are also in bays 
4 and 6 of the indicator rack and are installed directly 
under their respective indicators. 


(7) RECTIFIER POWER UNIT PP-27/MPN-1. These 
power supplies furnish operating voltages to each of the 
search centrals. They are located in bays 4 and 6 of the 
indicator rack behind the No. 1 and No. 2 search indi- 
cators. Therefore, they are not visible from the front of 
_ the rack and the search indicators must be removed in 
order to get at them. 


(8) SEARCH ANTENNA ASSEMBLY AN-38/MPN.1. 
The search antenna assembly is located on the front right 
corner of the trailer roof (fig. 1). The search antenna 
drive assembly is below the rotating reflector and is ac- 
cessible inside the trailer. The sine potentiometer is 
geared to the search antenna drive assembly and is used 
to produce varying voltages that synchronize the rotating 
sweep of the indicator tubes with the search antenna. 
(9) RECTIFIER POWER UNIT PP-23/MPN-1. These 
two power supplies furnish the voltage applied to the 
final anode of both the search and precision system indi- 
cator tubes. They are located in bay 4 of the indicator 
rack. 


14. BLOCK DIAGRAM. A block diagram of the 
search system is shown in figure 12. The components are 
in duplicate wherever two channels occur. Note that 
both the channel A and the channel B transmitter units 
are contained in the one compartment. The channel A 
modulator is normally triggered from the channel A 
synchronizer in the precision system while the channel 
B modulator receives its trigger pulse from the channel 
B synchronizer. Provision has also been made to trigger 
either modulator from the No. | or No. 2 search central 
by a selector switch on the intercommunications panel. 
Triggering by the search central is used if the search 
system is to be operated independently of the precision 
system. A separate receiver is supplied for each channel. 
At this point, duplicate channel equipment ceases and a 
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relay switches the video output from either channel A or 
channel B receiver to both search indicators. 


a.’ Transmitting Equipment. In the following dis- 
cussion only the channel A equipment will be con- 
sidered. The discussion applies equally as well to channel 
B. A positive trigger from the synchronizer starts the 
modulator action. The modulator produces two’ high- 
voltage pulses of 0.5 microseconds duration. One of these 
high-voltage pulses is applied to the channel A magnetron 
oscillator of the search transmitter unit. The second 
pulse is applied to the precision magnetron oscillator of 
the precision transmitter unit by means of a coaxial cable 
connection. Thus the two systems use a common modu- 
lator unit. The modulator unit has a self-contained power 
supply to furnish the plate voltage for the driver stage, 
negative grid bias voltages, screen grid voltages, and the 
negative keep-alive voltage for the gas tubes in the T-R 
boxes of both the search and precision transmitter units. 


- The high-voltage for the final modulator.stages is furn- 


ished by a separate high-voltage power supply (PP-26 on 
diagram) that delivers 15,000 volts dc to the modulator. 


b. Search R-f System. The search r-f system in- 
cludes the necessary plumbing and transmission line to 
connect the output of the magnetron oscillator to the 
antenna and to conduct the comparatively weak echo 
signals from the antenna to the receiving system. It also 
includes the r-f channel switch and T-R box, which per- 
mits the same antenna to be used for both the transmitter 
and receiver. Collectively the system functions to couple 
the high power r-f energy from the transmitting system to 
the antenna array where it is radiated into space, and to 
receive the reflected energy and apply the received echo 
signals to the receiving system. The antenna array is 
mounted vertically and it consists of 33 dipoles fed from 
a rectangular section of waveguide. The search antenna 
array is mechanically rotated in azimuth to give complete 
coverage of the surrounding space within the range of 
the set. The r-f output from the magnetron oscillator is 
fed through the motor-driven r-f channel switch to the 
search antenna. Echoes from the magnetron oscillator 
pulses are picked up by the same antenna and proceed 
through the T-R box to the heterodyne converter unit in 
the receiving system. 


c. Receiving System. The S-band heterodyne unit 
converts the echo into an i-f frequency of 30 megacycles 
and amplifies it before sending it on to the receiver proper. 
The radar receiver has an additional five stages of i-f 
amplification, a second detector stage, and a video out- 
put stage. After passing through the receiver, the echoes 
are in the form of video pulses and may be connected 
directly to the grid of the PPI indicators. A_ built-in 
power supply in this receiver furnishes necessary voltages 
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Figure 10. Transmitter Rack MT-119/MPN-1, search 
system components. 
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Figure 11. Indicator Rack MT-118/MPN-1, search 


system components. 
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for the receiver unit itself and, in addition, it supplies 
power to the heterodyne converter unit located in the 
transmitter. The receiver AFC circuit feeds a voltage 
back to the heterodyne converter which controls the i-f 
frequency and keeps it constant at 30 megacycles. The 
video output from the keceiver goes through relay 1 
on the intercommunications panel. This relay is actuated 
by the channel switching circuit and connects the video 
output of either the chanel A or channel B radar receiver 
to the grid of both search indicators. 


d. Indicating System. “he search central is the heart 
of the indicating system. I! provides a 360-degree rotat- 


ing sweep, range. markers, and adjustable identification 


strobe marks for the indicator tubes. Normally it is 
triggered by negative-going pulses out of the synchronizer, 
but a means of internal triggering is also provided. The 
search central panel mounts most of the controls needed 
at the two search operating positions. Both search indi- 
cators are in operation whenever the set is being used 
and they are not duplicated for channel A and channel 
B operation. The'sine potentiometer. geared to the search 
antenna, provides voltages which synchronize the rotat- 
ing sweep with the search antenna. This synchroniz- 
ing voltage is applied to both search centrals where the 
timebase sweep for the indicators is generated by a circyit 
that causes the sweep to rotate on the indicator bee 
Each search central has its own power supply (PP-27 on 
diagram}. Power for the stne potentiometer is.obtained 
from either the No. 1 or the No. 2 search central 
through a switch on the intercommunications panel. The 
‘4,000 volts supplied to the inal anodes of the indicator 
tubes is applied from cither of the two 4+-kv power sup- 
plies. These power supplies also feed the final anode 
on the precision indicators A 3-position switch, located 
on the front of the relay panel, makes it possible to 
select either of the two power supplies for final anode 
voltage. Either one, or both, of these power supplies can 
be used for both the search and precision system, or each 
system may be supplied separately. 


SECTION II 
TRANSMITTING SYSTEM 


15. INTRODUCTION. The purpose of the transmit- 
ting equipment is to generate microwave radio frequency 
pulses. The following components make up the search 
transmitting system: Modulator MD-11/MPN-1, S-band 
Radio Frequency Unit RF-7/MPN-1, Rectifier Power 
Unit PP-26,MPN-1. Figure 13 is a simplified block dia- 
gram of the transmitting components and shows how 
the r-f pulses are produced. The trigger pulse which times 
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the transmitter r-f pulse is supplied by the synchronizer 
unit. It is necessary to synchronize the circuits in the 
system in order to accurately measure the time interval 
between the production of the transmitted pulse and the 
reception of the echo reflected from the target. Provision 
also is made so that the transmitting system mav he 
triggered from either of the two search centrals of the 
search system. Trigger pulse selection is controlled by 
a screwdriver-slotted switch on the intercommunications 
panel. In normal operation the trigger pulse is always 
supplied from the synchronizer, but the additional 
triggers from the search centrals are provided for test 
purposes and in case the search system should he used - 
independently of the precision system. Each of the com- 
ponents shown in figure 13 will be described in detail later 
in this section. The search transmitting system jis dupli- 
cated in two channels designated channel A and channel 
B. Only one channel is in use at a time. the second being 
held as stand-by. 
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Figure 13. Transmitting «uystem, simplified block diagram. 


a. Location of Components. Figure 10 shows the 
front view of Transmitter Rack MT-119/MRN-1. Both 
channel A and channel B modulators are located in bay 
8. The high-voltage power supplies for the modulators 
are in bay 7. The search radio frequency unit is located 
in bay 9 and houses duplicate r-f units for both channel 
A and channel B within the one compartment. The local 
oscillator, crystal mixer, and preamplifier unit for each 
channel are in the radio frequency unit. These compon- 
ents are part of the receiving system and are discussed 
in detail in section IV. Current and voltage readings for 
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the search transmitting system are read on the S meter 
in Control Box C-61/MPN-1. The meter readings are 
helpful in determining whether the equipment is oper- 
ating normally, and in locating the faulty component or 
circuits if trouble should develop. 


b. Modulator MD-11/MPN-1. A single modulator 
unit for each channel supplies the high-voltage pulses to 
both S- and X-band transmitters. The sharp trigger pulse 
from the synchronizer is applied to the grid of the driver 
tube in the modulator which is a blocked oscillator. The 
output of the blocked oscillator is coupled through a 
special pulse transformer to the switch tubes and to the 
artificial line delay network through another winding. 
The delay network controls the oscillation period of the 
blocked oscillator which in turn determines the width of 
the transmitted pulse. There are four switching tubes used 
in each modulator, with one pair of tubes in parallel for 
the S-band transmitter and the other pair in parallel for 
the X-band transmitter. These are high vacuum, or hard, 
tubes and perform exclusively a switching function. A 
high-voltage capacitor is coupled to their plites and is 
charged to the potential of the high-voltage power supply. 
When the positive pulse from the blocked oscillator 
‘reaches the grids of the switching tubes, conduction is 
permitted, partially discharging the high-voltage capacitar 
through the magnetron. As the discharge time is short in 
comparison with the time constant of the circuit, a nega- 
tive square wave pulse is generated. This voltage pulse 
is of 0.5 microsecond duration and the magnetron oscil- 
lates only when pulsed by the action of the switching tubes. 
The 0.5 microsecond pulses are applied to the magnetron 
2,000 times per second which is the pulse recurrence fre- 
quency of the system. 


c. Power Supplies. Rectifier Power Unit PP-26/- 
MPN-1 furnishes the high voltage used in the modulator. 
The total high-voltage output, 15 kv, is used as a plate 
supply for the two S-band switch tubes. The X-band 
switch tubes are supplied with about 12 kv through volt- 
age dropping resistors in the high-voltage power supply. 
Rectifier Power Unit PP-26/MPN.-1 is discussed in detail 
in chapter IV. The modulator unit contains an additional 
power supply that furnishes + 1,200 volts dc and -750 
volts dc. The positive voltage is used as a plate supply for 
the blocked oscillator and as the screen grid supply for 
all the modulator tubes. The negative voltage is used as 
a grid bias supply for the switching tubes and for the 
blocked oscillator. The negative voltage is also used for 
the keep-alive voltage in both the search and precision 
system T-R boxes. As this power supply is contained on 
the modulator chassis, it is discussed below with the 
modulator. 
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d. Radio Frequency Unit RF-7/MPN-1 (fig. 14). 
The radio frequency unit has two subchassis assemblies 
each mounting a magnetron oscillator and associated 
equipment (fig. 15). One magnetron oscillator is used 
with channel A while the second is used in channel B. 
The 15,000-volt negative pulse from the modulator unit of 
each channel is applied to the cathode of the transmitting 
oscillator. The magnetron receives filament power through 
a transformer which is insulated to withstand this high- 
voltage pulse. The output of the magnetron is coupled to 
the r-f plumbing system and is fed to the search antenna 
through a secuon of rectangular waveguide running along 
the trailer rvof from the transmitter rack to the search 
antenna. The T-R hox, channel switching mechanism, and 
the intercoynecting plumbing are necessarily located in 
the transmitter unit but function as part of the r-f system 
and are therefore discussed in section III. As previously 
stated, the radio frequency unit also contains a local 
oscillator, a crystal mixer, and a preamplifier for each 
channel. These components, functionally part of the 
receiving system, are placed in the transmitter unit so 
that the weak signal may be converted to the i-f fre- 
quency and amplified sufficiently to overcome the atten- 
uation of the transmission line to the receiver proper. 


16. MODULATOR MD-11/MPN-1. 


a. Description. The same modulator is used to key 
both the search and the precision transmitters simultan- 
eously at a pulse recurrence frequency (prf) of 2,000 
pulses per second. Two identical modulators (fig. 16) are 
included in Radio Set AN/MPN-1, one being used by 
the channel in operation and the other held ready for 
use in the spare channel. The complete schematic dia- 
gram for the modulator unit is shown in figure 25 and 
should be used in conjunction with the simplified circuit 
diagrams in the detailed discussion that follows. The 
trigger, or actuating pulse for the modulator is a positive 
pulse from the synchronizer unit. The first tube of the 
modulator is a double tetrode with its elements connected 
in parallel. This tube, the driver, consists of a blockea 
oscillator whose period of oscillation is controlled by an 
artificial delay line. The circuit constants of the arti- 
ficial line are so chosen that the blocked oscillator produces 
a 0.5 microsecond pulse for operation of the two pairs . 
of modulator switch tubes. One pair of switch tubes works 
into the S-band transmitter and the other pair into the 
X-band transmitter. These switch tubes together with the 
high-voltage RC circuit produce the extremely high-volt- 
age negative pulses required for operation of the trans- 
mitting magnetron tubes. A block diagram of the modu-. 
lator unit is shown in figure 17. 


b. Driver (fig. 18). (1) A blocked oscillator may 
be used to produce a pulse of accurately controlled dura- 


TM 11-1543 Theory of Search System Par. 16 
HANNEL i HANNEL 8B 
RE AMP_AND BREAM AND 
LOCAL OSC CRYSTAL MIXER LOCAL OSC 








CHANNEL A CHANNEL CHANNEL B 
SUBCHASSIS SWITCHING SUBGHASSIS 
MECHANISM TL35857A 


Figure 14. Radio Frequency Unit RF-7/MPN-1. front view. 


tion for operating thp .aodulator switching tubes. An 
artificial transmission line is used to control the duration 
of the pulse, since the blocked oscillator itself is unable 
to produce a very short square wave output of controlled 
duration. One advantage of this type of driver is that 
it requires only one tube, which makes the driver cir- 
cuit and the associated power supply simple. 


(2) A positive trigger of about 50-volt amplitude is ap- 
plied from the synchronizer to the primary of transfor ter 
Tl. The trigger pulse appears in the secondary of the 
transformer as a positive pulse of approximately 180- 
volt amplitude. This voltage step-up is necessary to 
compensate for the step-down transformer in the syn- 
chronizer unit. 


(3) The blocked oscillator driver tube, V1, is normally 
cut off because its grids are connected through R5 to a 
minus 110-volt bias supply. The positive trigger pulse 
from transformer Tl is coupled across the capacitance of 
the artificial transmission line and through winding S1 
on the pulse transformer to the grid of V1. Although the 
pulse is attenuated in passing through the network, it is of 
sufficient amplitude at the grid of V1 to start conduction 
in the blocked oscillator tube. 

(4) The plate current of V1 flows through the trans- 
former primaries, P] and P2, and produces a voltage 
across these windings. A voltage in secondary S1 is 
induced that reinforces the trigger pulse, so that the grid 
is rapidly driven very positive as soon as conduction is 
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started. If 1,000 volts appear across Pl, a voltage of 
500 volts is induced in S1-because of the two-to-one turns 
ratio of the transformer. Current through inductance Pl 
will rise exponentially and will be almost linear for the 
0.5 microsecond period that V1 conducts. Current will 
flow through P1 only during the conduction period of 
tube V1. A linear current rise in P1 will induce a rela- 
tively constant voltage in Sl which may be represented 
as a 500-volt source with polarity as indicated in figure 19. 


(5) The artificial transmission line is normally charged 
‘to -110 volts from the bias supply for V1 through R5, 
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Figure 15. S-band transmitter, subchassis assembly. 
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Figure 16. Modulator MD-11/MPN-1, front view. 





Sl, and T1. In the equivalent circuit, the line is shown as 
a resistor in series with a 110-volt battery. The voltage 
to which the line is charged is 110 volts and the voltage 
induced in winding S1 is 500 volts. Since these voltages 
oppose each other, only 390 volts (above the reference 
point) is effectively available in the grid circuit at that 
instant. The grid to cathode resistance of V1 will be low 
because the grid has been driven very positive and grid 
current will flow. The sum of the grid to cathode resis- 
tance of V1 and the output resistance of the secondary 
winding of Tl is approximately equal to the character- 
istic impedance of the artificial transmission line. There- 
fore, a current 1 owing in the circuit divides the differ- 


TO ANTENNA 


TO ANTENNAS 





J TL 33994 


Figure 17. Modulator MD-11/MPN-1, functional block diagram. 
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ence between the two opposing voltages (390 volts) ap- . 


proximately equal across the artificial line and R,,. The 
polarity is indicated in figure 19. There will be approxi- 
mately 195 volts across the line and 195 volts across R,x. 
The voltage across Tl is small. As long as the current i 
continues to flow, the voltage developed across R,x will 
keep V1 in full conduction. 


ARTIFICIAL LINE 


“HOV. 
GRID BIAS 





Figure 19. Equivalent circuit of line controlled 
blocked oscillator. 


(G) The additional voltage impressed on the line by the 
flow of current i in the circuit is of the same polarity 
as the initial charge. A traveling voltage wave of -195 
volts goes down the line, raising the voltage of the line 
to -305 volts above the reference point (fig. 19). When 
the wave strikes the open end of the line, it is reflected 
back without change of sign. The wave comes back 
towards the source, charging the line to —500 volts above 
the reference point as the wave progresses. When the 
reflected wave reaches the input terminals of the line, the 
current i drops, since the voltage across the transmission 
line equals the voltage induced at S1] (fig. 18). Although 
the timing pulse voltage may still exist across the secon- 
dary of T1, the potential of the grid of V1 drops sharply 
when the 500-volt source} $1, is neutralized by action of 
the artificial line, reducing the magnitude of the current 
flowing in the tube. 


(7) As the current in the tube starts to fall off, the voltage 
induced in $1 drops, and the artificial line begins to dis- 
charge through R5 and the secondary winding of Tl. Both 
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of these effects combine to drive the grid sharply negative, 
which quickly cuts off the current in V1. The field set up 
by the primary winding collapses. In collapsing, a sharp 
negative surge of voltage is induced in S] which drives 
the grid even further negative. The artificial line dis- 
charges through S1 and R&5 to its steady state value of 
—110 volts. V1 is then held at cutoff by the —110-volt bias 
applied to its grid until the next trigger pulse from the 
synchronizer causes the cycle to be repeated. The duration 
of conduction in V1, which is equal to the output pulse 
length, is controlled by the artificial transmission line. 
Since the line is designed so that a 14 microsecond is 
required for the wave to travel the length of the line, the 


. output pulse is of 1:, microsecond duration. 


(8) Resistor R7 is used to damp out the oscillations that 
are excited in the secondary by this negative surge. If 
no damping were provided, the positive swing of the oscil- 
lation might cause pulse triggering of the circuit. Resistor 
R6 and inductance L6 in the tertiary or output winding 
damp the output circuit and prevent parasitic oscillations. 
Resistors R] and R2 in the grid circuit and R3 and R4 in 
the plate circuit are parasitic suppressors for the parallel 
sections of tube Vl. The plate voltage for V1 is taken 
directly from the 1,200-volt output of the power supply 
contained in the modulator unit. The screen voltage is 
taken from a tap on the voltage divider across the rectifier 
output and is about 600 volts above ground. The grid bias 
voltage for V1 is obtained from the tap in the voltage 
divider across the negative power supply for the modu- 
lator unit. The 14, microsecond positive output pulse from 
the tertiary winding of transformer T1 is applied directly 
to the grid of the modulator switching tubes through 
capacitors C9 and C10 for the S-band switch tubes and 
Cll and C12 for the X-band switch tubes. This waveform 
applied to the switching tube grids has a sharp negative 
transient at the trailing edge, a result of the back emf 
across the transformer winding. This does not affect 
operations of the modulator switching tubes, since it 
occurs at the end of the pulse and only tends to drive 

them further beyond cutoff. | 


c. Switching Tube Circuits (fig. 20). (1) There 


are two pairs of switch tubes used in the modulator unit, 


each pair consisting of two type 715A/B tetrodes paral- 


leled through low value parasitic suppressor resistors. The 
parallel arrangement is used in order to secure sufficient 
current carrying capacity when the peak driving pulses 
strike the grid. One pair of tubes (V4 and V5) modulate 
the S-band transmitting magnetron while the other pair 


' (V6 and V7) modulate the X-band magnetron. Both pairs 


of tubes are normally biased beyond cutoff, since the 
cathodes are grounded and the grids are returned to 
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~750 volts from the modulator power supply. The plate 
voltages for both pairs of tubes are supplied from Rectifier 
Power Unit PP-20/MPN-1 through load resistors R39 
and R40. The plate voltage applied to V4 and V5 is about 
15,000 volts and that applied to V6 and V7 is about 
12,000 volts. 


(2) The positive 0.5 microsecond pulse from the driver 
tube, V1, is applied through the tertiary winding of trans- 
former T2 to the grid of both pairs of modulator tubes. 
Between pulses from the driver tube, when the modulator 
switch tubes are cut off, the high-voltage capacitors C17 
and C18 will charge up to the plate voltage of their respec- 
tive switching tubes. The charging path for C17 is from 
the positive 15-kv output of the high-voltage power supply 
through R39, and through the series parallel combination 
of R44, R43, and R41 to ground (fig. 18). Capacitor C18 
charges in a similar manner from the 12-kv output of 
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the high-voltage power supply through R40, and the series 
parallel resistor network R44, R45, and R42. 

(3) Note that the time constant of charging for C17 and 
C18 is 960 microseconds. The pulse recurrence period of 
this system is 500 microseconds which would indicate that 
these capacitors never reach the full charge of the plate 
supply. However, this is not the case because capacitors 
C17 and C18 are not fully discharged when pulsing their 
respective magnetrons. Therefore, the high-voltage ca- 
pacitors will reach the full charge of the plate power 
supply after several cycles of operation. 


(4) When the positive pulse from the driver stage drives 
the grids of both pairs of switching tubes positive these 
tubes conduct very heavily. Effectively the plates of the 
switching tubes are placed at ground potential. Operation 
of the switching tubes connects the positive plate of the 
high-voltage capacitors to ground and completes the cir- 
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Figure 20. Modulator switch tubes, simplified schematic diagram. 
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Figure 21. Capacitor discharge circuit. 


cuit allowing the high-voltage capacitors to discharge 
through the magnetron tube as shown in figure 21. The 
magnetrons‘are shunted by a resistance network equiva- 
lent to about 5,000 ohms placed in parallel with the mag- 
netron tube. During the period of conduction, the input 
resistance of the magnetron is approximately 1,000 ohms. 
Therefore. %; of the current flowing during discharge of 
the high voltage will go through the magnetron. 


(S) The cases of the high-voltage capacitors C17 and 
C18 form one line connection, so the entire capacitor unit 
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Figure 22. Modulator MD-11/MPN.-1, rear view. 
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must be insulated from ground (fig. 22). Small insulated 
plates are mounted under C17 and C18 and by means of 
electrostatic coupling serve as testpoint for checking the 
high-voltage pulses to the S-band and X-band magnetrons. 
These leads are brought out to coaxial connectors on the 
front of the modulator compartment (fig. 16). The S- and 
X-output waveforms may be viewed on the test synchro- 
scope by connecting to these coaxial output terminals. 


d. Protective Relay. The function of relay RY1 
(fig. 20) is to discharge the high-voltage capacitors C17 
and C18 when the modulator unit is turned off and thus 
protect operating personnel from the high voltages present. 
The activating coil for the relay is connected across the 
117-volt a-c supply to the modulator unit. Whenever power 
is applied to the primaries of the modulator filament and 
power supply transformers the relay will operate. When 
the relay is in an operated position it switches the —750- 
volt bias supply to the grids of the modulator switching 
tubes. This is the normal position when the modulator 
is operating. The instant that the 117-volt a-c primary 
power is turned off, the relay will release and, when in 
a non-operated position, will ground the grids of the 
modulator switching tubes. The cathodes of type 715A/B 
switching tubes will remain hot long enough to allow 
conduction for about 60 seconds at zero grid bias. Any 
charge on high-voltage capacitors C17 and C18 will auto- 
matically discharge through the switching tubes before 
the cathodes have cooled off. 


e. Current Measurement. (1) Meters for current 
measurement of the tubes in the modulator unit are 
located in Control Box C-61/MPN-1 and are connected 
through interconnecting rack wiring to the connector 
strip on the modulator chassis. In measuring the modu- 
lator current output to each of the transmitting magnetron 
tubes, any meter inserted in series with the modulator 
output would have to pass the relatively high pulse cur- 
rent which is in the order of amperes. The mean current 
drawn by the magnetron is only a few milliamperes (ma) 
and a meter calibrated for this relatively small mean 
current would not pass the pulse current without damage. 
In order to avoid this conditjon, an indirect method of 
measurement is applied. To measure magnetron current 
in both the S- and X-band circuits the meter circuit is 
connected in shunt with a 1,000-ohm resistor which is 
part of the resistance network through which the high- 
voltage capacitors charge. 


(2) A simplified schematic diagram of the meter circuit 
for measuring magnetron current on the S-band system 
is shown in figure 23. /, is a charging current for the 
high-voltage capacitor C17. /,, is that portion of the 
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discharge current that flows through the meter circuit 
resistance network. /, is that portion of the discharge 
current that flows through the magnetron tube. From 
Kirchoff’s laws of current flowing around a closed loop: 


I, bi + I, 
I, so I, = Fin 


As shown in figure 23 the meter has two currents. /,. and 
I, applied to it in opposite directions. Therefore. the 
d-c meter will read the difference of the two currents 
which is /,. — /,, and is equal to /,; as shown above. /, is 
the true magnetron mean current and is the value read 
on the meter scale. 
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Figure 23. Magnetron current mea<«=-ing circuit. 


(3) For example. if the high-voltage capacitor C17 dis- 
charges about 10 amperes into the parallel combination 
for 0.5 microsecond and the pulse recurrence frequency 
is 2.000. the mean current is 10 ma. Of this total mean 
current approximately ',; or 1.6 ma flows through the 


meter And S.b ma flows through the transmitter tube. 


Between pulses. the transmitting magnetrons are non- 
conducting and the total charging current for capacitor 


C17 flows through the meter circuit in the opposite direc- 


ton. The mean charging current must equal the rhean 
discharge current or 10 ma even though the charging 
period is much.longer than the discharge period. The 
difference between mean charging current of 10 ma. and 
the mean discharge current of 1.6 ma is 8.4 ma which 
‘is the mean current of the transmitting magnetron. These 
figures are approximations and should not be considered 
as the actual operating figures. 
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f. Power Supply Circuit. (1) All operating voltages 
for driver tube V1, as well as the grid bias voltage for 
the modulator switching tube are obtained from a power 
supply incorporated in the modulator unit. As shown in 
the simplified schematic diagram, figure 24, this power 


‘supply may be considered as two independent half-wave 


rectifier circuits fed from a single plate supply transformer 
T3. Using T3 in this manner eliminates the need for an 
additional transformer, 


(2) Half-wave rectifier tube V2 is connected in series 
with the full secondary voltage output of transformer T3 
with its plate wired to the upper secondary winding. ter- 
minal 1. It will pass current only during that part of 
the cycle when terminal 1 is positive with respect to 
ground, It delivers + 1.200 volts to the modulator unit. 
The necessary filtering is supplied by capacitor C5 and 
the voltage divider network. composed of resistors R& to 
R16 inclusive. 


(3) Negative voltage. with respect to ground. is supplied 
by rectifier tube V3 which has its cathode connected to 
termhinal 2 on the plate-voltage supply transformer. The 
only time the current will flow through tube V3 is when 
terminal 2 becomes negative with respect to ground. The 
secondary winding of T3 is tapped at a point giving 550- 
volt rms potential difference between terminals 2 and 3. 
The output of the half-wave rectifier tube V3 is filtered in 
the same manner as the positive rectifier circuit above. 
The voltage divider network consists of resistors R17 to 
R2@ inclusive and C6 serves as the filter capacitor. The 
resistance chain for the complete voltage divider network 
is shown on the detailed schematic diagram of the modu- 
lator unit, figure 25. 


(4) Note that the d-c output of both the positive and 
negative rectifiers is greater than rms voltage rating for 
the secondary of transformer T3. Filter capacitors C5 
and Co will charge to the peak value of the voltage wave 
passed by their respective rectifier tubes. Because the 
current drain on the power supplies is not large, the 
d-c output will approach the peak value of the a-c voltage 
applied to the rectifiers. 


(5) Transformer Tt applies the filament voltage to the 
modulator unit furnishing 27-volt ac for the filaments of 
the switch tubes and 6.3-volt ac for the filament of the 
driver or blocked oscillator tube. A common ground 
return is used in all filament circuits except that of the 
rectifier tubes themselves. Screen grid voltages are taken 
from the voltage divider network across the positive 
power supply with + 1.000 volts going to the screen 
erids of the switching tubes and +0600 volts to the screen 
grid of the driver. The grids of the switching tubes are 
returned to the -750-volt- output of the negative power 
supply. while the grid of the driver stage is) returned 
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Figure 24. Modulator power supply, simplified schematic diagram. 


to -110 volts. The keep-alive voltages for the T-R tubes 
located in the S-band and X-band transmitter units are 
supplied from the -750-volt supply in the modulator. 


17. RADIO FREQUENCY UNIT RF-7/MPN-1. 


a. Description. A single compartment houses the 
transmitting equipment for both the A and B channels. 
The high-voltage pulse output from both channel A and 
channel B modulators is connected to their respective 
magnetron oscillators through high-voltage insulated 
cables brought in to the back of the component. The 
transmit switch, on the power distribution panel, con- 
trols channel switching and through its associated cir- 
cuits applies voltage to the terminal strips of either the 
channel A or channel B magnetron oscillator circuits. 
The preheat switches, also on the power distribution 
panel, apply power to the filament transformers and 
blower motors of the transmitting equipment before the 
high voltage is applied. The output of either the channel 
A or channel B magnetrons is fed to the waveguide run- 
ning to the search antenna through an S-shaped section 
of rectangular waveguide that is free to rotate. A small 
back-geared motor rotates this section of waveguide over 
the appropriate magnetron output during channel switch- 
ing. This arrangement is shown in figure 28. The r-f 
channel switch is functionally part of the r-f svstem and 
is discussed in detail in section HI. The preamplifier and 
local oscillator, together with the crystal mixer, is also 
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shown on a complete schematic diagram. Details of these 


components are discussed in the receiving system, sec- 
tion IV. 


b. Magnetron Transmitting Tube. The transmit- 
ting equipment is built around the requirements of the 
magnetron tube which is the heart of the system. The 
conventional type of vacuum tube oscillator cannot be 
used to generate frequencies anywhere near the (ap- 
proximately 3,000 megacycles) output of the magnetron 
used in the search system. The transit time. or time re- 
quired for the electrons to travel between the electrodes, 
becomes an appreciable part of the cycle at high fre- 
quencies. The inductance and capacitance between elec- 
trodes is also a limiting factor in the maximum fre- 
quency at which an ordinary vacuum tube will oscillate. 
The magnetron tube was developed to overcome these 
difficulties and yet to have a high-peak power output. 
It is a diode-type tube and requires a strong external 
magnetic field perpendicular to the electric field existing 
between the cathode and plate. Because the tube requires 
a magnetic field for its operation it is called a magnetron. 


c. Operation of Magnetron. The complete theory 
of operation of this tube is beyond the scope of this 
manual. Further details may be found in section XI] 


of TM 11-166, Radar Electronic Fundamentals. The ele- 


mentary facts, however, are as follows: 


(1) When a magnetic field of the proper strength is 
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supplied (the tube is mounted between the pole faces of | 


a permanent magnet) and the cathode of the tube is 
-made sufficiently negative with respect to the plate, which 
is at ground potential, the tube will oscillate. 


(2) The frequency of oscillation depends on the internal 
construction of the tube. No externally tuned circuits are 
required. Note that making the cathodes negative per- 
mits electrons to flow between the cathode and plate. 


(3) The magnetron is capable of operating in a number 
of different ways or modes. In order that the magnetron 
oscillates in an efficient, stable mode, the magnet air gap 
must be properly adjusted, the r-f system must be tuned 
so that the magnetron is properly loaded, and a peak 
pulse voltage of the required value must be applied by 
the modulator to the cathode of the magnetron. 


d. Magnetron Characteristics. A type 2J32 mag- 
netron oscillator is used in each channel of the search 
system. Each magnetron has a built-in coupling unit 
suitable for coupling to a %-inch coaxial line. The 
magnetron is rigidly mounted in the field of a permanent 
magnet with a field strength of 1,200 to 1,325 gauss. 
The magnetic air gap has been carefully fixed at the 
factory and does not require adjustment. Under usual 
operating conditions, the tube is pulsed at a rate of 2,000 
times per second and draws a mean current of ap- 
proximately 15 milliamperes. The magnetron actually 
oscillates only 1/1000 part of the time. Therefore the 
peak current drawn during the 0.5 microsecond pulses 
is about 15 amperes. This gives a peak power input 
to the magnetron tube of about 225 kilowatts. Note the 
following essential features and associated circuits 


(fig. 26): . : 
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Figure 26. Magnetron equivalent diagram. 
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Figurg 27. Magnetron filament transformer. 


(1) The plate of the magnetron is connected to the 
copper shell which forms the outside of the tube and 
is at ground potential. 

(2) The cathode of the tube is taalipestly heated and 
connected to the heater. | 

(3) A built-in tuned circuit determines the frequency 
of oscillation. No adjustment is provided. To shift the 
frequency a new magnetron must be installed. The wave- 
length of the magnetrons used in the search system should 
lie between 10.60 and 10.80 centimeters. The magnetron 
for channel A and channel B should be chosen to have 
frequencies close to each other. Otherwise, trouble may 
result when switching channels due to a shift in the beam 
peak for the S-band search array caused by a difference 
in frequency of the two magnetrons. 

(4) The r-f output is taken off through a pick-up isos 
which is coupled inductively to the tuned circuit inside 
the magnetron. The pick-up loop connects to the inter- 
conductor of a coaxial transmission line. 


(5S) The filament supply for the magnetron is fed from 
a special transformer which is highly insulated to with- 
stand the peak modulator pulse voltage applied to the 
cathodes. Since the cathode and filament of the magne- 
trons are tied together, the secondary of the filament 
transformers, Tl and T2, are subjected to high pulse 
voltages applied to the cathode of the tube. Therefore, the 
transformer primary and secondary windings are well 
insulated from each other with a large air space between 
the windings of the filament transformer as shown in 
figure 27. The design prevents arc-over and keeps the 
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shunt capacitance from cathode to ground at a minimum 
to preserve the pulse amplitude and shape. A protective 
spark gap is provided across the secondary output of the 
transformer. It is adjustable by turning the eccentric 
disk. This type transformer is often referred to as an 
isolation transformer. 


(6) Each magnetron has a blower (Bl), wired into the 
117-volt a-c preheat circuit, to dissipate the heat from 
the magnetron. The average heat dissipation is of the 
order of 335 watts. The blowers begin operation as soon 
as power is applied to the magnetron filaments and are 
driven by 117-volt a-c induction motors at 1,525 rpm. 


SECTION I 
R-F SYSTEM 


18. INTRODUCTION. The search r-f system of Radio 
Set AN/MPN.1 is taken to include the r-f plumbing and 
wavecuide transmission system, the T-R switch, and the 
search antenna array (fig. 29). The purpose of the r-f 
system is to couple the high-power r-f energy from the 
transmitting system to the antenna array where it is 
radiated into space in a directional pattern, and to receive 
the reflected energy and apply the received echo signals 
to the receiving system. Included in the r-f£ system is a 
sine potentiometer unit provided to generate the rotary 
timebase sweep used with the PPI (plan position indi- 
cator) display system. 

a. R-f Plumbing. (1) The high-power r-f energy 
from the magnetron oscillator in the transmitting system 
is fed through a short length of coaxial cable into the 
waveguide channel switching system. The channel switch- 
ing system consists of a section of waveguide pivoted about 
a point midway between the channel A and channel B 
r-f units in such a way that it can be rotated through 180 
decrees to connect either channel to the common wave- 
guide transmission system (fig. 29). 

(2) From the r-f channel switch, energy is conducted to 
the search antenna array by a waveguide line mounted 
along the trailer ceiling. At the antenna mount the r-f 
energy is fed from the waveguide, through a length of 
coaxial cable with rotatable joints; to the antenna array. 
— b. T-R Switch. (1) Since the same antenna array is 
used both for transmitting the high-power r-f pulse and 
for receiving the comparatively weak echo signals, some 
means of blocking the strong transmitted pulse from the 
sensitive receiver circuits must be utilized. In the search 
svstem a single T-R tube is used in each channel as a 
transmit-receive switching device. 

(2) Basically. a T-R switch is a spark gap which short- 
circuits the end of a length of transmission line upon 
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being subjected to high power pulses. The T-R tube is 
placed at the end of a quarter-wavelength line which, 
when shorted, reflects a maximum impedance at the input, 
thereby blocking the r-f pulse from the receiver input 
circuits. When a weak pulse is applied, the spark does 
not form across the gap, and the line remains open for 
the energy to travel past the gap to the input of the re- 
ceiving system. 

(3) During reception of the received echo signals, the 
high impedance of the transmitter is reflected at the 
junction point with the branch coaxial cable. Thus very 
little received energy will be lost in the transmitting 
system, the majority of the received energy being con- 
ducted through to the receiving system. 


c. Antenna Array. (1) The search antenna system 
(fig. 30) consists of a linear array of 33 horizontal 
slot-fed dipoles placed along the focal line of a shallow 
cylindrical reflector with a parabolic cross-section. The 
dipoles are mounted along a length of rectangular wave- 
guide approximately 7 feet 6 inches long. For protection, 
the entire array and waveguide supports are enclosed in 
an opaque plexiglass cylinder. Energy is fed in from the 
top of the waveguide and the proportion not radiated by 
the dipoles is absorbed in a load at the lower end. 


(2) The dipoles extract energy from the waveguide by 
means of small probes extending into it (fig. 31), and the 
feed to alternate dipoles is reversed in order that all 
dipoles may be fed in phase. In general, the dipoles are 
spaced along the supporting waveguide with a separation 
slightly less than half a wavelength in the guide. Near 
the feed end, however, the dipoles are spaced successively 
closer together in order to transmit more energy in an 
upward direction» Excitation of the closely spaced di- 
poles is made more intense than in the main part of the 
array, so that the required spread of energy may be 
obtained with a short length of array. This leaves a 
sufficient length of evenly spaced dipoles to produce a 
sharp drop in intensity on the lower side of the pattern. 


(3) The antenna pattern produced by this scanning array 
approaches what is mathematically termed “cosecant- 
squared” radiation. The outline in the vertical plane 
of the beam radiated by this antenna has its principal 
maximum at 3 degrees above the horizontal, high enough 
to escape most ground objects which would give con- 
fusing reflections, and still detect an aircraft at a minimum 
glide angle. The beam, while not giving complete over- 
head coverage, has a maximum angle of 10 degrees from 
the horizontal, flattening out at an approximate altitude 
of 1,000 feet, so that over most of its range it is nearly 
flat-topped. A pictorial comparison of the two types of 
beams and the patterns seen on the corresponding PPI 
tubes is shown in figure 32. 
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Figure 28. Radio Frequency Unit RF-7/MPN-1, 
schematic diagram. 
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Figure 29. Search r-f system, simplified schematic diagram. 


(4) The entire search antenna array and reflector are 
rotated in azimuth at 30 rpm by a 14-horsepower spinner 
motor mounted within the antenna mount. A sine poten- 
tiometer is coupled to the antenna array and revolves in 
synchronism with the reflector and array thereby pro- 
viding potentials for modulating the PPI timebase sweep 
developed in the search central chassis. 


19. R-F PLUMBING. 


a. General. (1) At the high radio frequencies used 
in the search system of Radio Set AN/MPN-1, standard 
types of two-wire transmission line cannot be used, be- 
cause of the high power loss caused by the‘radiation re- 
sistance and capacitance effects between conductors and 
ground. Such a line acts as an antenna, radiating a large 
percentage of the transmitted power; therefore only a 
small part of the power goes on to the desired point of 
application. In the attempt to eliminate these losses, 


coaxial cable was developed. In this type of transmission 
line, one conductor is hollow and the other conductor is 
contained within it, the two being separated by insulators. 
At the search system frequencies, approximately 3,000 
megacycles, excessive lengths of this type of conductor 
would produce gonsiderable losses, however comparatively 
short lengths of coaxial cable are used in this system 
where space is limited dnd the more bulky waveguide 
system would be undesirable. 


(2) To feed the r-f energy the length of the trailer, from 
the r-f unit to the search antenna, the more efficient wave- 
guide system is used. In the use of waveguides, a hollow 
tube of conducting material such as copper, silver, or 
brass is the sole conductor. In this case, the theory of 
transmission lines does not entirely apply. What actually 
happens is much closer to the broadcasting of radio 
energy than to currents traveling through conductors. 
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Figure 30. Search antenna array. 


“Skin effect,” the increased extent to which alternating 
currents travel on the surface of a conductor as frequency 
increases, reaches a point where the walls of the guide 
do not actually conduct more than a small amount of 
current and serve only to direct the path of the radiated 
energy. 


b. Coaxial Line. (1) The majority of the search r-f 
transmission system is composed of: 10-centimeter wave- 
guide, however, at the transmitting end and at the rotating 
antenna end short lengths of coaxial cable are used. The 
cable consists of a 7-inch coaxial line of 46.25-ohm surge 
impedance. The line is constructed so that no insulating 
material is used to support the inner conductor. Instead, 
“metallic insulators,” or quarter-wave stub lines are used 
for support, since the electrical characteristics of such 
lines produce an extremely high input impedance when 
the opposite end is shorted. For this reason, such stubs 
can be tapped onto the coaxial line at any point without 
adding tothe Hine losses. This method of support is only 
effective at the frequency for which the stub is resonant; 
at other frequencies the stub will cause a serious imped- 
ance matching problem. | 


(2) The coaxial line used to couple the waveguide to the 
transmitting magnetron and to the T-R switch is shown in 
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figure 33. Transmitted energy from the magnetron is 
conducted along the vertical section of line to a small 
antenna mounted in the waveguide section. Received 
energy is picked up by the waveguide antenna and con- 
ducted through the branch coaxial line to the T-R 
tube and hence to the S-heterodyne converter in the 
recelving system. 


(3) At the antenna end, the transmitted energy is fed 
from the right-angled waveguide termination into Trans- 
mission Line CG-31/MPN-1 (fig. 34), also a coaxial line 
assembly. By means of this coaxial line assembly, eriergy 
is fed up inside the hollow bearing shaft of the search 
antenna mount to the search antenna array. Since the 
search antenna rotates continuously in azimuth, a rotary 
capacitance joint is provided at the lower end of the bear- 
ing shaft. By means of this joint, energy from the station- 
ary line assembly is capacitively coupled through to the 
rotating coaxial line and hence to the antenna. A second 
rotary capacitance joint is mounted in a horizontal plane 
at the search antenna to allow the antenna to be tilted 
slightly from the vertical. 


c. Waveguide Transmission. (1) Connecting the 
two r-f£ coaxial line assemblies mentioned above is a 


length of standard S-band waveguide mounted on the 


ceiling of the trailer (fig. 35). The waveguide is con- 
structed of brass rectangular tubing, silver-plated for 
low surface resistance. From a small antenna, or exciting 
probe, r-f energy is introduced into this rectangular guide 


TL 36222 





Figure 31. Dipole construction and insertion into waveguide. 
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Figure 32. Comparison of standard with scarch system beam, 


and is reflected back and forth between the walls. If the 
frequency of radiation is sufficiently high, there will be 
a phase difference between impinging and reflecting waves 
so that they do not cancel entirely, but add in some places 
and cancel at others to form wavefronts which travel down 
the length of the guide. At the S-band frequency, skin 
effect prevents any appreciable penetration of the wave 
into the guide wall and thus the efficiency of transmission 
is high. For complete theory of waveguide transmission, 
refer to section XI of TM 11-466, Radar Electronic Funda- 
mentals. 


(2) The wide sides of the guide are too close together to 
permit formation of interference waves from the reflec- 
tions hetwecn them. However, between the narrow sides 
(along the wider dimension) there is room for the forma- 
tion of one interference maximum midway between the 
walls. Hence, in the normal mode of operation at this 
frequency, the electric field is directed across the guide, 
the field intensity being perpendicular to the broad side 
(fig. 36) and varying in intensity from zero at the narrow 
side to a maximum at the center. The absence of the 
electric component at the narrow side is due to the 
shorting effect created by the conductivity of the walls 
in the process of reflection. This situation is somewhat 
similar to the disappearance of voltage across the 
shorted end of an open-wire transmission line. 


(3) A wavelength in the guide is the distance between 
two consecutive similar points in the interference wave 
pattern. The wavelength measured across the guide, in 
general, is different from that measured along the guide. 
The measure used in a particular case depends upon the 
application. Varying the spacing between the narrow 
sides of the waveguide changes the longitudinal wave- 
length in the guide. As the guide width increases, the 
longitudinal wavelength becomes progressively smaller 
until ie approaches the value in free space. This effect 
will be encountered later, since it is applied in the pre- 
cision antenna scanning system and is an important fea- 
ture of this set. 


(4) Energy is coupled into the waveguide from the 
coaxial line at each end by a small antenna or exciting 
probe mounted in the waveguide. The exciting probe 
is connected to the center conductor of the coaxial line 
and is mounted in the guide perpendicular to the, wide 
side so that it is parallel to the desired clectric field. 


d. Waveguide R-f Choke Joints. (1) Choke joints 
are used in both the S-band and X-band waveguides to 
connect two waveguide sections together and to form a 
low-loss section for the r-f switches, If the ends of the 
waveguide sections were merely butted together, consider- 
able’ loss would occur due to the discontinuity in the 
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Figure 33. R-f channel switching assembly. 


conductor. This loss can be minimized by constructing 
one of the flanges so that when butted together the two 
form an r-f choke joint. The construction of the flange 
involves forming a circular slot a quarter-wavelength 
deep in the face of the flange (fig. 37). Between the 
slot and the interior of the guide the surface of the flange 
is sunk so that a narrow gap will be formed when the two 
flanges are fitted together. The electrical short circuit at 
the bottom of the slot is reflected back through a half- 
wavelength and places a virtual short circuit at the 
junction of the inner edges of the sections of waveguide. 
Thus, to the wave going down the guide, the wall of the 
guide appears solid and the energy loss in the shorted 
section is extremely small. 

(2) A circular slot is used whose diameter is such that 
its distance from the inside wall of the guide is approxi- 
mately a quarter-wavelength at the middle of the wide 
side. Since this is the maximum point of electric field 
intensity, it'is also the point of maximum loss. The cir- 
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cular groove deviates most from a quarter-wavelength 
spacing at the corners of the guide; here the field intensity 
and thus the losg are the least, even with no choke joint, 
so this dimension is not critical. 

(3) Where it is desirable to prevent transmission of 
stress and vibration through a waveguide connection, the 
flange and adjacent surface of the choke can be separated, 
so that no mechanical connection exists, without causing 
an appreciably greater loss. If this spacing is increased 
excessively, losses tend to increase and another choke 
joint is used in place of the flat flange to form a double 
choke joint. 


e. R-f Channel Switches. (1) In the search system, 
as in the precision system, two identical magnetron 
oscillators are utilized. One channel is used in the actual 
operation of the equipment while the other channel is 
maintained in a stand-by condition. To connect either 
channel to the common waveguide transmission system, 
a waveguide channel switch is used (fig. 33). The chan- 
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Figure 34. Transmission Line CG-31/MPN.-1, search 
antenna feed. 


-nel switch consists of an S-shaped section of waveguide. with a circular flange on the waveguide transmission line, 
pivoted abouf a point in line with the axis of the wave- and the lower choke joint being coincident. with a cir- 
guide to which the r-f unit connects (fig. 29). Each end cular flange on a section of waveguide fed by the trans- 
of the S-shaped waveguide section is terminated in an mitting oscillator. Thus the transmitted energy from the 
r-f choke joint, the upper choke joint being coincident oscillator is fed through the waveguide channel switch and 
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Figure 36. Transmission through waveguide. 


waveguide transmission system to the search antenna. 
For reception from the other channel, the S-shaped wave- 
guide arm is rotated about its axis until the waveguide 
section is.over the terminating waveguide section in the 
line from the other magnetron. 


(2) The waveguide arm is driven’by a crank and con- 
“necting rod from a 180-degree cam which is driven by a 
smal] geared-down motor. Microswitch SW5 is also 
operated by the cam and stops the motor when the switch- 
ing motion is completed. When channel A is operating 
the motor is connected to the lead of channel B. When 
channel B is selected, this line is energized and the motor 
rotates the cam through 180 degrees, at which point SW5 
breaks that circuit and switches the motor to the channel 
A line, after which the motor stops. 


f. Selector Line. (1) The selector line is a device 
for sampling a fixed portion of the transmitted power 
from the S-band r-f unit. It consists of a section of 
standard waveguide mounted in series with the trans- 
mitter output and the main transmission line to the search 
antenna. A power sampling section is built on to the 
bottom of the waveguide flush with the narrow sides of 
‘the main guide section (fig. 38). A slotted aperture, 
tapered at each end to reduce reflections, is cut through 


“the wall separating the two sections to permit a small 


amount .of r-f power leakage into the test section. The 
slot is made sufficiently long so that frequency changes 
will not affect the amount of energy leakage. The test 
section contains a pick-up probe set into the wide side 
of the guide and terminating in a standard coaxial con- 


nector. At the opposite end of the section is inserted a 
resistor strip absorber. 


(2) R-f energy from the magnetron oscillator enters the 
waveguide section in the direction shown in figure 38. 
As the energy passes the slotted aperture, a portion leaks 
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Figure 37. R-f choke joint. 
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Figure 38. S-band sclector line. 


through into the test section and is conducted to the end 
containing the pick-up probe. The energy reflected from 
the end of the section travels back through the test sec- 
tion and is dissipated by the resistor strip absorber 
mounted at the opposite end. Thus a small portion of the 
transmitted energy is present in the waveguide test sec- 
tion where it is picked up by the test probe. The selector 
line is so designed that the insertion of the section in the 
transmission system causes negligible loss. 


20. T-R SWITCH. 


a. General. (1) The T-R switch, one of which is 
associated with each channel of the S-band r-f unit, 
functions to connect the search antenna to the transmit- 
ter for the duration of the transmitted pulse, and to the 
receiving system during the reception of the reflected 
echoes. In this-manner, a single antenna may be used 
for both transmitting and receiving. The T-R box is 
located in the coaxial cable assembly leading to the 
S-heterodyne conyerter as shown in figure 33. 


(2) The T-R box consists of a resonant cavity, the center 
of which is formed by a pair of copper disks surrounded 
hy a glass envelope or tube (fig. 39). The copper disks, 
whose edves extend out through the wall of the glass 
tube, are drawn to points opposing each other and form- 
ing a small spark gap. The spark gap tube is gas-filled, 
the gas being maintained in a partially ionized state by 
the application of a -750 volts to one of the electrodes. 


b. Transmission. (1) The T-R box is essentially a 
spark gap placed across the receiver invut at a point a 
multiple of a quarter-wavelength from the junction point 
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with the coaxial line from the transmitter (fig. 40). When 
the transmitter fires, the spark gap breaks down and pro- 
duces a low impedance across the receiver line. At the 
input to the receiver line, a quarter-wavelength away, a 
high impedance is reflected, thereby blocking the receiver 
path to the high power transmitted pulse. 


(2) The spark gap alonc, however, is not adequate pro- 
tection for the sensitive crystal mixer circuit in the re- 
ceiving system input, since the voltage drop across the 
gap is still sufficiently high to damage the crystal detec- 
tor. Also, a certain voltage is required before the spark 
will form, which would apply a surge of high power to 
the receiver at the moment the arc is struck. Therefore 
the spark gap is surrounded by a resonant chamber or 
cavity with the gaps located at the point of maximum 
electric field. . 


(3) A tuned cavity oscillating in its lowest mode is 
analagous to an ordinary parallel tuned circuit in which 
a small amount of applied current produces a large cir- 
culating current, or a small voltage injected across a 
portion of the coil builds up a large voltage across the 
entire coil. This is characteristic of all resonant circuits 
and the voltage or current multiplication is numerically 
equal to the Q of the circuit. Since the Q of a resonant 
cavity is inherently high, only a small signal need be 
applied to strike the spark gap. Further assistance in 


SPARK GAP 
PICK-UP PROBE 


RESONANT 
CAVITY 








.. 
Y 
xi \\, 
i 


* KEEP ALIVE - 
ELECTRODE 


TL36145 


Figure 39. Cross-section of T-R switch. 
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striking the arc between the electrodes is furnished by 
keeping the gas in the tube surrounding the gap partially 
ionized through the use of a high negative voltage applied 
to a third or keep-alive electrode within the tube envelope. 
The voltage applied to the keep-alive electrode brings 
the stress on the spark gap almost to the sparking point 
and only a small amount of r-f input is required to 
strike it. 


c. Reception. During the period when the transmitter 
is quiescent, the reflected echo signals will be conducted 
in a reverse direction through the waveguide channel 
switch and coaxial cable to the junction of the T-R 
branch line with the main coaxial line from the magne- 
tron. At this point the received signal finds a large im- 
pedance in the direction of the magnetron tube since the 
high impedance of the cold magnetron placed a half- 
wavelength away is reflected as an equally high imped- 
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Figure 40. T-R switch transmitting, simplified schematic 
diagram. 


ance at the junction point (fig. +1). Thus the echo sig- 
nal will be conducted down the lower impedance path 
through the r-f switch. Since the received energy is too 
small to strike the arc in the T-R tube, the signal will pass 
through the tube to the crystal mixer section of the 
heterodyne converter. 
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21. SEARCH ANTENNA ASSEMBLY 
AS-38/MPN-1. 


a. General. (1) The search anténna assembly con- 
sists of Search Reflector AT-19/MPN-1, Search Antenna 
Array AS-39/MPN-1, and Search Antenna Mount MT- 
122/MPN-1. The search antenna array is mounted along 
the focal line of the search reflector, a cylindrical para- 
boloid. The assembly of the array and reflector is vertic- 
ally mounted on the search antenna mount, which pro- 
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Figure 41. T-R switch receiving, simplified schematic 
diagram. 


_ vides a rotating base for the 360-degree search system 


antenna scan. 


(2) The reflector, a cylindrical parabola, has an aper- 
ture 8 feet high by 4 feet wide, with a focal length of 
21.6 inches. It is constructed of aluminum and sprayed 
with olive drab paint. The reflector focuses the radiated 
beam to a half-power width of 6 degrees in the horizontal 
plane. | 


b. Antenna Array. (1) The vertically mounted search 
antenna array consist of an array of 33 alternately re- 
versed dipoles, mounted horizontally in the wide side 
of a length of standard S-band waveguide, supplying 
both energy and support. British-type slotted dipoles are 
used as radiators in this array. The theory of the slotted 
dipole is complex and will not be explained in this text, 
however, a brief explanation of the operation of the 
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Figure 42. Development of the slotted dipole. 


dipole will be given with the aid of the diagrams shown 
in figure 42. Diagram (a) is a standard center-fed 
dipole, energized by means of an open-wire transmission 
line. The quarter-wave supporting stub can be placed 
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Figure 43. Search antenna array, cutaway view. 


directly across the two halves of the dipole since the 
stub acts as a quarter-wave line, shorted at the far end, 
and reflects a high impedance at the junction point with 
the dipole. Thus this high impedance placed across the 
comparatively low center impedance of the dipole will 
have negligible effect on the electrical characteristics of 


the dipole. 


(2) Now if the standard transmission line is replaced by 
a coaxial cable feed, diagram (b), the electrical feed will 
remain unchanged A further modification of the simple 
dipole feed is shown in diagram (c). In this case the 
quarter-wave supporting stub is formed by the sheath of 
coaxial line while the central conductor still feeds the 
left-hand dipole half. The electrical characteristics of 
this feed system remain unchanged, the dipoles being 
supported by the shorted quarter-wave stub and the two 
dipole sections being fed by the two conductors of the 
coaxial cable. The dipole shown in diagram (c) is the 
slotted dipole used with the search antenna array. 


(3) The center conductor of the coaxial line extends 
into the waveguide as a pick-up probe at the point of 
maximum electric field intensity. The probe depth, and 
consequently the amount of energy picked up by the 
individual dipoles, is varied over the length of the array 
to aid in developing the required radiation pattern. Since 


the average dipole spacing is of the order of a half-wave- 


length in the guide (7 centimeters), alternate dipoles 
must be reversed in order that all dipoles will be fed 
approximately in phase. 
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Figure 44. Search antenna, elevation field pattern. 
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Figure 45. Absorber Unit CG-32/MPN-1, cutaway view. 


(4) The first 20 dipoles, counting from the bottom, are 
spaced 7.3 centimeters apart, and from there the spacing 
decreases gradually to 6 centimeters at the top of the 
array. Together with the varying probe depth insertion, 
the variable dipole spacing provides the desired vertical 
field distribution pattern for the search system. It is 
necessary to feed energy to the array from the top in order 
to develop the proper energy distribution, To accomplish 
this, the supporting waveguide is backed by another length 
of waveguide opening into it at the top through several 
short-angled sections (fig. 43). Energy from the trans- 
mitter is introduced at the bottom of the backing wave- 
guide and is conducted to the top of the array where 
it is fed to the waveguide section containing the dipoles. 
(5) The antenna array is totally inclosed in a thin- 
walled hollow plastic cylinder, held in place by rubber 
mounts at the top and bottom. This cylinder seals the 
array, thus preventing moisture from entering the wave- 
guide through the open slots in the dipole suppoct. The 
plastic cover is sandblasted and sprayed with a thin coat 
of low-loss, lusterless, olive drab. Care must be taken, if 


a2 


Service Manual 


TM 11-1345 


the coating of paint needs touching up, not to daub the 
paint on too thickly as this results in increased r-f losses. 


(6) The vertical radiation pattern produced by this 
array is designed for the most effective coverage of the 
scanned area. If uniform dipole spacing were used, the 
pattern would be of the usual form which would produce 
undesirably large ground echoes as well as inadequate 
coverage of aircraft at a high angle overhead (fig. 32). 
By decreasing the dipole spacing at the top of the array, 
the energy from these dipoles at the higher angles will 
not entirely cancel, thereby shifting the beam:fromy these 
dipoles upwards at a greater angle. Thus, the top of the 
over-all vertical pattern is extended at short range, per- 
mitting a more complete coverage of the scanned area, 
and the bottom of the pattern is flattened, minimizing 
round returns. The elevation field pattern of the search 
array is shown in figure 44. 


(7) To prevent the remaining r-f energy at the lower end 
of the antenna array from being reflected and developing 
high standing waves within the guide, the energy is dis- 
sipated in Absorber Unit CG-32/MPN-1. This unit picks 
up the remaining r-f energy in the guide by a coaxial 
probe extending into the waveguide, and dissipates the 
energy in a load of sand and aquadag. Cooling fins are 
provided around the absorber unit to radiate the heat 
generated in the unit by the dissipated r-f energy (fig. 45). 


c. Antenna Mount. (1) The antenna array and re- 
flector are supported by a triangular shaped mounting 
plate (fig. 30) fastened to the upper end of a hollow 
shaft which passes through two large ball bearings. The 
outer shells of the bearings are connected to a 2-foot 
square metal plate set into the trailer roof. The reflector 
is mounted through two sleeve joints, fastened to two 
corners of the-triangular mount, and is connected at 
the back by means of an adjustable brace. Tilting of 
the antenna and reflector is effected by adjustment of 
the screw connecting brace at the rear corner. 


(2) The end of the vertical drive shaft which extends 
into the trailer is geared to a 14-horsepower motor and 
reduction gear box by means of a pinion and spur gear. 
By means of this gear arrangement, the motor speed is 
reduced from 1,725 rpm to the antenna scanning speed 
of approximately 32 rpm. A sinusoidal potentiometer is 
driven through a gear arrangement at a speed in syn- 
chronism with the antenna rotation by means of a 
second pinion gear. The sine potentiometer supplies 
synchronizing voltages to the search central to develop 
the circular sweep of the PPI timebase trace (ch. 2, 


sec. V). 
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SECTION IV 
RECEIVING SYSTEM 


22. INTRODUCTION. The function of the search 
receiving system is to detect and amplify the received 
echo signals. The receiving system (fig. 46) is basically 
of the superheterodyne type. Two identical receiving 
systems are used in the search system, one being used 
in channel A and the other being used in channel B of 
Radio Set AN/MPN.-1. A brief description of the func- 
tion of the receiving system is given below and should 
be read in connection with the block diagram (fig. 47). 


a. S-band Heterodyne Converter. The S-band 
heterodyne converter is a part of the search system radio 
frequency unit assembly. This converter is mounted close 
to the associated transmitting magnetron in order to avoid 
the use of long lengths of transmission line or waveguide 
between the transmitting system and the receiver. It con- 
sists of the S-band local oscillator, crystal mixer, and the 
first two stages of i-f amplification. This assembly is 
duplicated in the-radio frequency unit, one converter 
being used with the channel in operation and the other 
being held for stand-by. The r-f input to either heterodyne 
converter is through a metallic coaxial line coupled to 
the T-R box associated with the converter. R-f signal 
energy from the T-R box is applied to the crystal detector 
and mixer, together with r-f energy from the local oscil- 
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lator. The resultant i-f signal is applied to the two pre- 
amplifier stages hefore application to the search system 
receiver for conversion to a video signal. 


b. Local Oscillator. (1) Local oscillator V3 (707B), 
is a McNally reflex klystron with an external tunable 
cavity. In this type of ultra-high-frequency generator a 
sing-e resonant cavity is used as the oscillatory circuit 
and the velocity-modulated electron stream traverses the 
cavity twice by the use of a repeller electrode, or reflector. 
Adjustable plugs inserted in the outer rim of the cavity 
permit tuning. The output coupling of the energy is 
accomplished by means of a magnetic coupling loop in- 
serted into the cavity. The amount of output power can 
be adjusted by varying the position of the coupling loop 
in the cavity. 


(2) The cavity is maintained at the same positive potent- 
ial as the accelerating grid within the tube envelope. 
The cathode source of electrons within the tube is held 
at ground potential. The emitted electron stream must 
pass through the central aperture of the doughnut-shaped 
cavity. 

(3) The oscillating frequency is a function of reflector 
voltage, the accelerating or cavity voltage being held 
constant. This type of electrical tuning keeps the local 
oscillator in operation at a frequency which, when beat 
against that of the transmitter, produces a 30-megacycle 
i-f frequency. The electrical tuning is accomplished by 
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Figure 46. Receiver functions. 
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supplying the negative reflector voltage from the auto- 
matic frequency control (AFC) circuit in the receiver. 
The tuning slugs in the resonant cavity provide a further 
means for mechanically varying the oscillator frequency. 
(4) The coupling loop in the resonant cavity leads out 
to a coaxial cable fitting, from which the oscillator output 
is applied to the crystal mixer and detector. The entire 
local oscillator assembly is inclosed in a shielded box 
with the preamplifier unit. 


c. Crystal Detector and Mixer. This unit receives 
the r-f echo signals from the search antenna and the r-f 
output of the local oscillator; mixing the two signals to 
produce an i-f signal for application to the preamplifier 
stages. In this coaxial mixer, the echo signal is coupled 
directly to the crystal detector input probe and the local 
oscillator output is coupled through a variable-capacit- 
ance arrangement, for adjustment of the local oscillator 
signal strength. The crystal output is applied to the pre- 
amplifier section through a short length of coaxial cable. 


d. Preamplifier Unit. The weak i-f output from the 
crystal detector is put through two stages of i-f amplifica- 
tion before application to the receiver proper. The ampli- 
fied output is brought out at the coaxial fitting and is 
carried through low-impedance coaxial cable to the input 
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of the S-band receiver. Power for operation of the local 
oscillator and preamplifier stages is supplied through a 
five-conductor cable from the receiver. 


e. Search Receiver. (1) Two Radar Receivers 
R-38/MPN-1 are used in the S-band search system. These 
receivers are identical in all respects, and interchangeable 
with the precision system receivers. To each receiver is 
applied the i-f output from one of the heterodyne con- 
verter units in Radio Frequency Unit RF-7/MPN-1. Video 
output from either receiver is applied to both search indi- 
cators. Either the channel A or channel B receiver may be 
selected by a relay connected in the channel switching 
circuit. 


(2) The sensitivity-time-control circuit (STC) is not used 
in the search system and STC switch SW2 (fig. 53) in the 
receiver is kept in the OFF position, therefore tubes V15 
and V16 (fig. 47) of the STC circuit remain idle because 


the positive trigger from the synchronizer is not applied. 


The remote gain input to the receiver is supplied from a 
potentiometer. mounted on the intercommunication panel. 
A dual potentiometer is provided to permit the use of a 
single control knob for both search receivers. The use 
of manual gain control rather than STC is necessitated 
by the different application of the system. Because the 
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Figure 47. Block diagram of receiver. 
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search system covers a consistently greater range than the 
precision system, near-by ground returns are less critical. 


23. LOCAL OSCILLATOR. 


a. General. The local oscillator tube is a special kind 
of vacuum tube known as a reflex klystron. One oscillator 
tube is located on each preamplifier chassis in the search 
transmitter unit. This type tube is used because at the 
high frequency (approximately 3,000 mc) at which the 
local oscillator operates, an ordinary vacuum tube oscil- 
lator can not be used. A cross-section of the type 707B 
klystron is shown in figure 48. The voltages applied to 
the electrodes are indicated in the diagram. The output 
of the oscillator is taken through a coupling loop which 
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projects into the cavity. Power for the klystron tube is 
obtained from the power supply of the respective Radar 
Receiver R-38/MPN-1 with which it is used. An inter- 
connecting cable plugs into power input plug | (fig. 52). 


b. Klystron Operation. The electrons emitted by 
the cathode of the klystron are furmed into a beam in 
much the same way as in a cathode-ray tube. This beam 
of electrons passes through the two cavity grids and 
continues toward the reflector electrode. The negative 
voltage on the reflector electrode, however, repels the 
electrons and sends them back through the cavity grids on 
a return trip. The beam of electrons thus passes through 
the cavity grids twice. The oscillations in the cavity are 
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Figure 48. Reflex klystron tube. 
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Figure 49. Crystal mixer, cross-sectional diagram. 


produced as the result of electrons on the walls of the 
cavity surging back and forth approximately 3,000,- 
000,000 times a second (3,000 mc). During these oscilla- 
tions, the electrons on the walls of the cavity pile up first 
on one cavity grid and then on the other cavity grid, thus 
producing an electric field between the two grids of the 
cavity. This electric field alternately speeds up and slows 
down the beam of electrons as it passes through the 
cavity grids. This action results in a grouping or bunch- 
ing of the electrons in the beam. The bunches of elec- 
trons are turned back by the reflector, and on their way 
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back, the bunches arrive at the proper instant to rein- 
force the oscillations of the electrons in the cavity. Weak 
oscillation is started in the cavity by the approach of the 
first electrons in the beam. From this point on, the oscil- 
lations rapidly build up because the returning bunches 
of electrons reinforce the oscillation of the electrons on 
the walls of the cavity. Whether or not the oscillations are 
reinforced and maintained depends upon the tuning of 
the cavity, the spacing between the cavity grids, and the 
voltages applied to the various electrodes of the tube. 
The control grid voltage has an important effect on 
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whether the tube will oscillate as it determines the speed 
of the electrons in the beam. The reflector voltage is also 
important because it determines how long the bunches 
of electrons take to return to the cavity grids where they 


sive up their energy and support the oscillations only 


if they arrive at the proper instants. 


ec. Coupling and Tuning. A coupling loop, inserted 
in the cavity. inductively picks up the energy of the 
oscillations which is fed to the crystal mixer by a short 
section of flexible coaxial cable. The frequency — of 
oscillation depends on the resonant frequeney at) which 
the cavity has been tuned. Coarse frequency adjustment 
is made by changing the size of the resonant cavity. This 
ix done by turning the adjusting screws in (clockwise) to 
merease the frequency. and out (counterclockwise) to 
decrease the frequency, A fine adjustment of frequeney 
is made electrically by the setting of the reflector plate 
voltage. This determines the instant that the reflected 
electrons return to the cavity grids and therefore affects 
the frequency of oscillation, Two potentiometers in 
series adjust the reflector voltay) 19 located on the front 
panel of Radar Receiver R-58/MPN-1T gives a vernier ad- 
justment of reflector plate voltage while P2 located on the 
subpanel of the radar receiver provides a greater range of 
frequency adjustment, This circuit is shown in figure 62. 


d. Indications of Oscillation. “When the kiystron 
eees into oscillation the ervstal current rises sharply. The 
crystal current meter measures the rectified current pro- 
duced by the local oscillator output flowing through the 
erystal detector, Therefore the crystal current: reading 
ix a convenient indication of whether or not the klystron 
ix oscillating and of| its relative output. The normal 
ervstal current reading is about 0.6 milliampere. Tf the 
kKlystron should go out of oscillation it will be indicated 
by a sudden drop in crystal current. 


e. Frequency Drift. Because of thermal expansion 
of the resonant cavity. resulting ina change in ifs physical 
dimensions. the kKlystron may drift: in frequency by as 
much as several megacycles while warming up during the 
first 10 6r 15 minutes of operation. After this time. under 
normal conditions. the tube should not drift in frequency 
by more than 0.01 pereent. 


24. CRYSTAL DETECTOR AND MINER. 


a. General. The function of the crystal mixer is to 
combine the received echo signals with the output of 
the local oscillator to produce an intermediate-frequeney 
signal which can be amplified in the i-f ampliher = cir- 
cuits of the receiver. The frequency of the local oscillator 
is tuned to 30 megacyeles above the frequency of the 
transmitting oscillator: and in’ the crystal mixer. the 
two frequencies are combined to produce a difference 
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frequency of 30 megacycles. The crystal mixer contains 


‘a specially designed silicon crystal detector, and the out- 


put of this “first detector” of the complete receiving 
system is the i-f signal fed to the preamplifier. Figure 
19 is a cross-section drawing of the mixer with the 
erystal cartridge in place, showing the interior details of 
construction, Figure 50 is a schematic diagram of the 
crystal mixer circuit. The entire unit is attached directly 
to the T-R box by means of the mounting plate: and the 
coupling loop projects into the T-R cavity and inductively 
picks up-the energy of the received r-f signal. The input 
r-£ voltage from the local oscillator enters the crystal 
mixer at the connection indicated, and the output 30- 
meeacyele i-f signal from the crystal mixer is taken from 
the second coupling through a short length of flexible 
cable to the preamplifier. 


b. Crystal Mixer Operation. The operation of the 
ervstal mixer will be explained with the aid of figure 50. 
The input coupling loop to the T-R box ix inserted into 
the T-R cavity at a point where the r-f signal inductively 
picked up by the loop is greatest. The signal enters a 
coaxial line made by the hollow shell of the mixer itself, 
with the coupling loop at the input end and the crystal 
at the output end. This line is designed so as to be 
resonant at the frequency (approximately 3.000 me} of 
the input signal from the T-R cavity. The loop at the 
input end has a low impedance. while the output end of 
the nixer line is open except for the erystal load. and so 
presents a relatively high impedance. By making the 
mixer line three-quarters of a wavelength long. it will 
act as a step-up transformer and therefore will apply a 
hich r-f voltage to the crystal. The local oscillator voltage 
from the Klystron is capacitively coupled into the mixer 
line by means of the rod and disk coupling (fig. 50), 


through as sliding sleeve connection to the input line. 


ce. Mounting of Crystal. The crystal cartridge is 


clamped in place by means of an insulating washer. A 


short metal stub at one end of the cartridge is tightly 
gripped by spring fingers which make contact with the 
inner conductor of the coaxial resonant mixer line, The 
metal base of the cartridge makes contact with the inner 
conductor of the coaxial output line which carries the 
i-f output signal. The base contact on the cartridge con- 
nects to an insulated evlindrical metal cup in the output 
portion of the line. which offers alow impedance path for 
the 3.000-me rf from the base of the crvstal cartridge to 
the outer conductor of the output line. thus completing the 
3.000-me circuit to the crystal) This shunt) impedance 
across the output line effectively keeps most of the 
"3.000-me" signals out of that line. but it has such a high 
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Figure 50. Mixer cirenit. 


impedance at 30 megacycles that it does not bypass the 
i-f signals appreciably. 


d. Crystal Mixer Coupling. Since the input echo 
signal is always weak, the coupling of the crystal mixer 
to the T-R cavity is as tight as possible. On the other hand, 
since the output of the klystron is very much stronger, it 
is only loosely coupled to the crystal mixer. As a result of 
this loose coupling, only a very small part of the echo 
signal is lost in the oscillator coupling. To prevent over- 
load and damage to the crystal, the disk coupling the 
output of the local oscillator into the crystal mixer cavity 
must be kept well out of the cavity initially, and then 
screwed in carefully until the normal current flows 
through the crystal. This is indicated by a reading of 
approximately 0.6 milliampere on the crystal current 
‘milliammeter, located in Control Box C-61/MPN-1. Ad- 
justment of the coupling disk position may be made with 
all lines connected by loosening the locknut and turning 
the knurled head of the adjusting screw. This operation 
is recommended only when absolutely necessary. 


e. Measurement of Crystal Current. A shorting- 
type jack, Jl, cenhects one side of the crystal output to 
ground through resistors Rl and R2 and inductance Ll 
and L3, as shewn in figure 52. Since capacitors Cl and 


C2 will bypass all r-f current to ground, a milliammeter 
plugged into Jl will indicate the d-c crystal current. 
This current should be between 0.5 and 0.6 ma for best 
operation of the crystal. It should not exceed 0.7 ma. 
A cord and plug is available inside the door on the search 
transmitter chassis that ‘may be plugged into the crystal 
metering jack of either the A or the B channel as required. 
This cord leads to the meter circuit of Control Box C-61/- 
MPN.-1 where the crystal current is read for both the 
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Figure 51. Preamplifier, output lead schematic. 
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Figure 52. S-band Preamplifier and heterodyne converter, 


schematic diagram. 
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search and precision system. The crystal current meter- 
ing plug should be removed from the jack when not being 
used to measure crystal current. If it is left in place the 
signal-to-noise ratio of the receiver is changed sufficiently 
to interfere with operation of the set. 


f. Care in Handling. The static discharge from an 
ungrounded piece of equipment or from the operator’s 
person may burn out a crystal when it is being inserted 
in the mixer cavity. Avoid such discharges by holding 
the cartridge by the base and making electrical contact 
with the equipment through the hand before inserting the 
cartridge. Do not drop crystals, nor subject them to heat 
or to strong r-f electrical fields generated by this equip- 
ment. 


CAUTION: The crystals used in this detector 
are extremely sensitive and will be damaged if 
not treated carefully and gently. Any of the fol- 
lowing actions may burn out the crystal: 

(1) Excessive local oscillator output. 

(2) T-R failure. 

(3) Static discharge. 

(4) Mechanical shock. 

(5) Strong magnetic fields resulting in induced 
currents in crystal leads. 


25. PREAMPLIFIER UNIT. 


a. General. Before application to the receiver, the 
i-f output of the crystal detector is applied to two stages of 
low-gain single-tuned amplification provided in a pre- 
amplifier unit, a part of each heterodyne converter. In this 
way the signal is sufficiently amplified before being fed 
through a 72-ohm coaxial line to the receiver. 


b. Operation. (1) The 30-megacycle i-f output from 
the crystal detector is applied across the self-resonant in- 
ductance L] and L3 (fig. 52). The signal input to the 
grid of V1 is developed across inductance L2 which is 
mutually coupled to L3 because the two coils are wound 
on the same form. Therefore the output of the crystal 
detector appears across L2 which, with the input capaci- 
tance of V1, forms a parallel resonant circuit. The 
inductance is variable through the adjustment of an 
inserted metal core. The coil is tuned to give the stage 
maximum amplification at 30 megacycles. The return to 
ground of rectified crystal current is through L], L3, Rl, 
R2, and Jl. The combination of R1l,. R2, Cl, and C2 
provides filtering of the crystal current. 


(2) Amplifiers ¥1 and V2 (6AC7) are metal-envelope, 
high-gain pentodes. In each tube the suppresser grid and 
shell are grounded. The heater circuits are connected in 
parallel, with one terminal of each heater grounded.’ In 
V1 the heater circuit is effectively isolated from r-f volt- 
ages by L4 and R4 (a combination r-f choke wound on a 
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l-megohm resistance) in series with the a-c heater lead. 
Across the heater, C4 provides an r-f bypass to ground for 
any high frequency components not blocked by the r-f 
choke. C8, L7, and R8 form a similar combination for 


V2. 


(3) The screen and plate operate at essentially the same 
potential, being supplied from the +-105-volt input through 
R11 and R6. C5 is the screen bypass capacitor and induc- 
tance LS and resistance R5 serve as the plate load. C6 
couples the output of the first stage to the grid of V2. The 
operation of L6 in the grid circuit of V2 is identical with 
that of L2. The cathode, heater, and suppresser grid con- 
nections are also identical with those in the first stage. 
Screen grid voltage is supplied through R9 with C9 as 
the bypass to ground. Plate voltage, supplied through R10 
and L8 is lower than the screen voltage, giving V2 the 
characteristics of a constant current pentode, since R9 has 
a value of 240 ohms and R10 a value of 1,500 ohms 
(fig. 51). 

(4) Cll couples to the i-f output plug 2 which connects 
the coaxial line to the receiver proper. The entire hetero- 
dyne converter assembly is carefully shielded from stray 
pick-up, each tube having an additional individual shield. 
Power plug 1, into which the power cord terminates from 
the receiver, is the input for the operating power used by 
the local oscillator and preamplifier tubes. 


26. RADAR RECEIVER R-38/MPN.1. 
ad. General. Radio Set AN/MPN-1 utilizes four radar 


receivers. Two are in actual operation and two maintained 
for stand-by purposes. Of the two in operation, one is 
used in the precision system, the other in the search sys- 
tem. All are identical, but minor control adjustments are 
necessary when interchanged between the X and the S 
bands. A front view of the receiver chassis is shown in 
figure 53. The complete schematic diagram for Radar 
Receiver R-38/MPN-1 is shown in figure 56 and should 
be uséd with the discussion that follows. 


b. I-f Amplifier Stages. (1) The i-f amplifier section 
within the receivey consists of five stages of amplification, 
V1 through V5, using 6AC7 type pentode amplifiers. The 
typical circuit is illustrated in figure 54. The output from 
the preceding stage is fed through a coupling capacitor to 
a tuned circuit in the grid circuit of the*next stage. The 
tuned circuit consists of a variable inductance tuned to 
resonance at 30 megacycles with the input capacity of the 
tube. A band width of approximately 2 megacycles is 
provided. The circuit is essentially the same as that 
already discussed in the paragraph on the preamplifier 
unit. 

(2) I-f amplifier tubes V1 and V2 differ from this stand- 
ard arrangement in that their plates and screens are not 
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Figure 93. Radar Receiver R-38 MPN-I. 


applied from the 105-volt supply. but receive voltage from 
the output of the sensitivity -lime-control (STC) circuit, 
A varying plate voltage is applied to these two tubes as 
the range of the echo signal increases in order to increase 
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Figure 54. I-f amplifier stage schematic diagram. 
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e 
the receiver gain when the STC cireuit is in operation. 
This circuit is used only in the precision svstem: and 
When the 


search system is used the STC togele switch. located on the 


discussed in detail in chapter 3. section TN. 
subpanel of the receiver. is set to the OFF position and a 
d-c voltage. controlled only by the manual gain control. 
is fed to the first two Ff amplifier tubes in the normal 
manner. Figure 55 illustrates the method of gain control 
applied to the radar receiver as it is used in the search 
system when the STC switch is OFF. Setting SW to the 
REMOTE. position transfers the radar receiver gain con- 
trol te a similar potentiometer circuit located on the inter- 
communications panel in bav 5 of the indicator rack. This 
ix done to bring the radar receiver gain control within easy 
reach of the search svstem operators. In order to have 
only one gain control knob for both channel A and chan- 
nel Bo radar receivers. two potentiometers have been ganged 
on the same shaft and each remote gain control circuit 
serves its individual receiver. The intercommunications 
panel schematic diagram, figure 65. shows the remote gain 


control circuit. 


(3) Instead of operating at 105 volts. the final i-f. ampli- 
fier stage. V5. is supplied with a higher potential from the 
220-volt source through resistors R21 and R22. This is to 
supply suflicient power output for the diode detector 
stage. VO. 
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c. Detector and Video Amplifier. The i-f output 
from V5 is coupled through C20 to the cathode of V6. A 
simplified schematic diagram of the detector and video 
amplifier stages is shown in figure 57. The three grids of 
tube VO are connected to the plate so that it functions as a 
diode. The heater circuit of this tube, as well as of V7 
and V8, is isolated from r-f voltages by a filter network 
identical to those used in the preceding i-f amplifier stages. 
L18 and C23 filter the high frequency component from 
the rectified output so that only video signals are applied 
to video amplifier stage V7. V7 is operated as a normal 
resistance-capacitance coupled amplifier with its screen 
voltage obtained from the 105-volt supply and plate volt- 


age from the 220-volt supply. To prevent output distortion, 
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a low value plate resistor R29 is used. V8, a cathode fol- 
lower output stage, is used to match the impedance of the 
circuit to the video output coaxial line. Potentiometer P1 
is a variable cathode load resistor to permit gain and 
impedance-matching adjustments. Both search system in- 
dicators are fed by one radar receiver at a time. By using 
a switching relay, provision is made so that either the 
channel A or channel B receiver will supply the video 
output to the indicators, depending on which channel is 
in operation. The video output from the receivers of both 
channels is wired through relay 1 located on the back: of 
the intercommunications panel assembly. This relay and 
its associated circuit is shown in the intercommunications 
panel schematic diagram (fig. 85). 
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Figure 55. Receiver gain control circuit. 
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d. Automatic Frequency Control. To assure i-f 

stability, an automatic frequency control (AFC) cir- 
cuit is incorporated in the receiver and serves to vary 
the frequency of the local oscillator, operating above the 
transmitter frequency in such a way that the intermediate 
frequency is held constant at 30 megacycles. The desired 
frequency variations in local oscillator output are accom- 
plished by the AFC cireuit which supplies a negative volt- 
age to the reflector of the local oscillator tube, thereby 
controlling its frequency of oscillation and consequently 
the intermediate frequency as well. As the intermediate 
frequency tends to change, the negative voltage increases 
or decreases to assure 30-megacycle i-f stability. The 
functional block diagram for the AFC circuit is shown 
in figure 58. 
(1) The i-f input voltage to the receiver is coupled to a 
single i-f amplifier stage V9 (fig. 59). The output circuit 
of this stage is composed of L22 and variable capacitor 
C34 in parallel and is tuned to resonate at 30 megacycles. 
This output tank circuit is coupled both inductively and 
capacitively to the input of the discriminator circuit. The 
discriminator circuit develops a voltage proportional to 
frequency (not amplitude) of the input signal. 


(2) L23 and variable capacitor C36 form the input circuit 
of the discriminator, and are tuned to resonate at 30 
megacycles. L22 and L23 are inductively coupled because 
they are wound on the same form and act as primary and 
secondary windings of the discriminator transformer. 
This inductive coupling is loose in order to avoid a shift 
in the resonant frequency. The two windings are also 
directly coupled through low-reactance capacitor C35 from 
the plate of V9 to the center tap of L23. 


(3) Discriminator tube V10 (6H6) is a double-diode 
rectifier whose plates are connected to opposite ends of 
L23. The output voltage of the discriminator is the recti- 
fied voltage appearing across the two load resistors R37 
and R38. This output is the rectified peak voltage due to 
the filtering action of capacitors C38 and C39. 


(4) The coupling between the primary (L22) and the 
secondary (L23), and the tuning of the primary, are 
adjusted to give a voltage across the secondary that differs 
by 90 degrees in time phase with the primary voltage. 
The primary is connected to the center tap on the second- 
ary by means of coupling capacitors C35. Figure 60 
shows an equivalent circuit of the-discriminator and the 
various voltage relations for frequencies above, below, and 
at resonance. Both the primary and secondary circuits are 
tuned to resonate at the 30 megacycle i-f frequency. As 
shown in the equivalent circuit, the voltage applied be- 
tween the upper diode plate and the cathode of V10(a) is 
the drop developed across the resistor between A and D. 
This is the vector sum of the voltage across the upper half 
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of the secondary A to B and the voltage of the primary B 
to D. Similarly, the voltage applied to the lower diode 
plate, V10(b), is that across the lower half of the second- 
ary, C to B, plus the primary voltage, B to D. When the 
i-f signal is at its proper frequency (30 megacycles), the 
voltage across the secondary, A to C, is 90 degrees out 
of phase with the voltage across the primary, C to D 
(fig. 60-2). Thus Ecg leads Epp by 90 degrees while 
E 4p lags Exp by 90 degrees. Since the secondary is center- 
tapped to make E,, equal to Ecz, the vector sums are 
equal in magnitude. Equal signals on the two diode platés 
produce equal currents in the cathodes, which in tum, 
produce d-c voltage drops across R37 and R38. These 
voltage drops are equal but of opposite polarity. The out- 
put of the discriminator circuit is therefore zero and no 
correction voltage is obtained when the proper frequency 
is being applied to the transformer. 


(5) If the i-f signal changes in frequency, the secondary 
circuit is no longer tuned to resonance, and the voltage 
A to C no longer differs by 90 degrees. If the frequency 
decreases, a lag of more than 90 degrees is produced; if 
the frequency increases, a lag of less than 90 degrees 
occurs. In the former case the voltage applied to lower 
diode plate V10(b) is greater (fig. 60-3) and the output 
of the discriminator circuit is negative. In the latter case, 
conditions are reversed (fig. 60-4) and a positive output 
is produced. The net output from the discriminator cir- 
cuit is a d-c pulse which is applied to the grid of V11 to 
be inverted and amplified for application as a correction 
voltage actuating the remainder of the circuit. 


(6) Inverter-amplifier stage V11 has test point TP1 tapped 


_ off its plate load resistor R42 to provide a means of view- 


ing the discriminator output with a test oscilloscope. The 
output from Vbl is positive when the i-f frequency is 
below 30 megacycles and negative for i-f frequencies above 
30 megacycles. The relationship between the output volt- 
ages of V10 and V11, plotted against frequency, is shown 
in figure 61. 

(7) The negative voltage applied to the local oscillator 
reflector is developed across capacitors C44 and C46 and 
regulated by gas tubes V12 (2050) and V13 (884) as 
shown in figure 62. The “hunting” tube, V13, begins to 
operate as soon as the receiver is turned on. With its 
associated RC network, V13 is a saw-tooth oscillator 
sweeping the reflector voltage slowly through a wide range 
by charging C44 and C46 through R52 and R53, a com- 
bination having a long time constant. When the plate 
voltage of V13 becomes high enough to overcome the 
negative bias on its grid, the tube fires, discharging the 
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Figure 56. Radar Receiver R-38/MPN-1, schematic diagram. 
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Figure 59. Discriminator, simplified echematic diagram. 


capacitor and beginning again the slow hunting cycle, 
which is about */ second duration. The voltage across 
C46 is proportional to that applied to the reflector of the 
local oscillator. 


(8) Once the local oscillator has struck a mode of oscil- 
lation, an i-f voltage is applied to discriminator V10. If 
above the desired frequency, the output of V11 forces the 
grid of V12 further negative, resulting in no further action 
of V12. The hunting cycle of V13 continues, making the 
reflector voltage less negative which decreases the inter- 
mediate frequency until the output of V11. becomes posi- 
tive. The positive output applied to the grid of V12 per- 
mits it to fire and to produce a voltage drop across R53. 
Capacitors C44 and C46 are partially discharged, driving 
the reflector voltage further negatively, raising its fre- 
quency and increasing the intermediate frequency. 


(9) Since the grid bias of V12 is affected by the dis- 
criminator output, V12 fires when the i-f goes below 30 
megacycles, halting the hunting action of V13. When the 
i-f frequency goes below 30 megacycles, V12 fires with 


each transmitter pulse. The capacitors C44 and C46 dis- 
charge progressively less and raise the i-f frequency 
slightly each time, so that when operation becomes stabil- 
ized V13 will not fire and V12 will operate around a 
delicate voltagesbalance. 1f V12 is not active, the voltage 
applied to the reflector plate will be a long-cycle saw-tooth 
curve (fig. 63). The lacal oscillator frequency variations 
are represented hy the lower curve in the same figure. 
These wide changes in frequency would be of no use in 


operation as they only serve to hunt for the proper local 


oscillator frequency when transmission is begun. 


(10) Before V13 can complete its normal saw-tooth cycle, 
V12 comes into operation at some point M (fig. 63) and 
from that time controls the action of the circuit. The 
effect on the circuit when V12 conducts is represented on 
the diagram by MNOPQRS and local oscillator frequency 
variations are represented by M’N’O’P’Q’R’S’. If the 
local oscillator frequency is set correctly above the trans- 
mitter frequency, the AFC acts first to hunt for the de- 
sired intermediate frequency and then maintains that 
frequency within very narrow limits. 
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Figure 60. Equivalent circuit and vector diagram of 
discriminator circuit. ; 


(11) Should the frequency of the transmitter change, the 
AFC circuit will correct the local oscillator frequency 
within the operational limits of the circuit, and keep the 
i-f frequency constant at 30 megacycles. For example, if 
the transmitter frequency should suddenly decrease, the 
i-f frequency would then be greater than 30 mega- 
cycles. The output of V11 for an i-f frequency greater 
than 30 megacycles is negative and therefore V12 will 
stop conducting. When V12 stops conducting the change 
on capacitors C44 and C46 becomes less negative because 
there is no longer a voltage drop through R53. This volt- 
age drop is due to plate current taken by V12. The repeller 
plate voltage will also rise (point A, fig. 64) and will 


decrease the local oscillator frequency to point B where 
the i-f frequency is again 30 megacycles and the system 
reaches an equilibrium. Should the transmitter frequency . 
decrease sufficiently, the discriminator circuit can no 
longer correct the local oscillator. Therefore a 30 mega- 
cycle i-f frequency will not be produced and the repeller 
plate voltage will continue to rise from point C to point D 
where V13 fires. The AFC circuit will then hunt until the 
transmitter frequency is returned to normal (point E) and 
the AFC circuit can again take control. 

(12) When it is not desirable to use the AFC circuit, SW1 


_ is turned off to eliminate the.AFC and provide for manual 


control of the reflector voltage. With the switch on the 
| 69 
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Figure 62. Reflector voltage control ¢ircuit. 
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manual position the AFC circuit is not used. The negative 
reflector voltage for the local oscillator is taken directly 
from the voltage divider network (fig. 62) and adjusted 
by potentiometers P2 and P9 connected in series. P9 pro- 
vides a fine adjustment of the klystron repeller plate volt- 
age and is located on the front panel of the radar receiver. 
P2 gives a wider range of adjustment and is located on the 
subpanel of the radar receiver. It has a screwdriver slot 
for adjustment. 


e. Receiver Power Supply. Two vacuum tube recti- 
fiers, located inside the receiver, supply the rectified power 
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for the receiver and preamplifier unit. A simplified sche- 
matic diagram of the radar receiver power supply is shown 
in figure 65. The full-wave, high-vacuum rectifier V17 
delivers power to the 300-, 220-, and 105-volt regulating 
circuits. Primary filtering of V17 output is performed by 
a network composed of L28, R64, and C54. At this point 
the line branches into two separate circuits, one supplying 
300 volts and the other supplying 220 and 105 volts. 


(1) In the 300-volt circuit, V18, in series with the line. 
acts as a variable resistor to control the output. Conduc- 
tion through V18 is controlled by grid bias applied 
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Figure 65. Receiver power supply, simplified 
diagram. 
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through the action of V19 and V21. The arrangement of 
this circuit permits control of variations in the input from 
V17, as well as changes in the output load. The cathode 
of V19 (6SJ7-GT) is the fixed voltage reference point 
which is biased to a positive 105 volts by being returned 
to ground through V21 (VR105), a voltage regulator tube 
designed for a constant drop of 105 volts over a consider- 
able current range. A voltage divider network, composed 
of R68, P5, and R69 to ground, provides a means of 
sampling or tapping off a portion of the 300-volt output 
voltage. The voltage sample taken off P5 is applied to the 
control grid of V19. Should the output load diminish and 
the voltage tend to rise above 300 volts, the current through 
the voltage divider network, which is in parallel with the 
load, would thus tend to rise, increasing the voltage 
applied to the grid of V19. This increase in grid voltage 
causes V19 to conduct heavier, lowering its plate potential 
because of the voltage drop through R67. Therefore the 
grid of V18, connected to the plate of V19 through R66, 
will drop in potential. This decreases the conductance of 
V18, thereby increasing the series resistance in the 300- 
volt output line, and lowers the output voltage. The set- 
ting of potentiometer P5 determines the point about which 
the system will operate in correcting the output load varia- 
tion, and is used to set the output at 300 volts. 


(2) In the 220-volt circuit, the output is regulated by 
V24 and V25 in parallel to allow for the greater current 
drain -on this supply. Regulation is supplied with R78, 
P7, and R79 furnishing the sample voltage across P7 to 
apply to the grid of V26 (6SJ7-GT). The plate voltage of 
V26, dropped from the 220-volt value through its plate 
load resistor R77, is applied back to V24 and V25 as grid 
bias and determines the conductance of these tubes. Poten- 
tiometer P7 sets the point about which this circuit will 
regulate the output voltage. 


(3) In the positive 105-volt circuit, the output is supplied 
from a series dropping resistor, P6, connected: to the 220- 
volt output point. P6 is a variable potentiometer to permit 
adjustment to the exact voltage required. C56 acts as a 
bypas¢’ and filter capacitor. 


(4) Negative voltages are supplied from a half-wave recti- 
fier, V20 (SR4GY), a double diode with both plates‘ tied 
together. L29 and C58 provide primary filtering. _ Two 
voltage-regulating gas tubes, V22 and V23, in shunt to 
ground, are used with series resistor-R72 to provide regu- 
lation. V22 (VR150) and V23 (VR105), inherently con- 
stant yoltage tubes, form a voltage divider across the 
rectifier output. The total voltage across the combination 
of tubes is the sum of the 150-volt drop across’) V22 
and the 105-volt drop across V23, or 255 volts. The 
—105-volt supply is tapped between the two voltage regu- 


Theory of Search System 


Pars. 26-27 


lator tubes. The low current drain from the negative power 
supply makes this type of voltage regulator circuit feasible. 


SECTION V 
INDICATING SYSTEM 


27. INTRODUCTION. Chapter 1 discussed the princi- 
ples of radar and explained how distances are determined 
by measuring the time interval between the transmission 
of a radio frequency pulse and the reception of its echo 
from some distant conducting body. The indicator system 
provides the means for measuring these extremely short 
intervals of time, converting them to distances, and pre- 
senting them on a graphic display (ch. 1, par. 6). 


a. Plan Position Indicator (PPI). The duplicate 
search indicators of Radio Set AN/MPN-1 present plan 
position indicator or PPI displays, and thus provide both 
azimuth and range data on the screens of the cathode-ray 
tubes. The sweep trace of this type of indicator begins 
at the center of the screen and extends outward along a 
radius. At the same time, the entire trace rotates con- 
tinuously about the center of the screen in synchronism: 
with the scanning of the highly directional antenna. 
Echoes appear on the screen as crescent-shaped spots of 
light displaced from the center or origin of the system 
by a distance proportional to the range of the reflecting 
object. The azimuth of the body causing the reflection is 
given by the angular displacement of the lightspot from 
a fixed radius representing a known compass direction. 
The use of a long afterglow cathode-ray screen causes 
echoes to remain visible for several seconds after the 
sweep trace has rotated to a new position. Thus the 
search indicator presents a circular map upon which 
aircraft within a predetermined range appear in very 
nearly their true relative positions. Figure 66 is a sketch 
of the PPI display. The fixed spot at the center of the 
screen is the transmitter pulse or “main bang,” as it is 
sometimes called. The equally spaced concentric circles 
are range markers, representing definite distances from 
the operating position. Range markers appear at 2-mile 
intervals when the 7.5-mile sweep is used, and at 5-mile 
intervals with the 15 or 30-mile sweeps. . Figure 66 shows 
the 30-mile timebase in use. Echoes from airplanes or 
fixed conducting bodies‘appear at ranges of 17 and 21 
miles. The clutter seen near the center of the screen is 
caused by reflections from fixed objects near the equip- 
ment, 
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b. Duplication of Equipment. Radio Set AN/- 
MPN-1 contains two complete sets of search indicator 
equipment, each operating independently of the other. 
One of these duplicate systems is installed in bay 4 of 
the indicator rack, the other is in bay 6. The block dia- 
gram (fig. 67) shows the functional relationships existing 
among the components of one system only. Search Indi- 
cator ID-35/MPN-1 functions principally as a mounting 
for the 7-inch cathode-ray tube presenting the display. 
The circuits which provide sweep voltage, intensity volt- 
age, range markers, and the strobe pulse to the indicators 
are contained in Search Central SN-6/MPN-1. All volt- 
ages except those supplied to the filaments of the search 
indicator, and the 4 kv supplied to the anode of the 
cathode-ray tube, are obtained from Rectifier Power Unit 
PP-27/MPN-1. Figure 67 also shows the inputs received 
from external sources. These include the negative-going 
trigger pulse from the synchronizer, the sinusoidal input 
of the sine potentiometer, and the video signal from the 
receiver. 





1PUT 
FROM 
SINE POT 





MARKER 
CIRCUIT 


STROBE 


ie RECT. POWER 


UNIT PP-27/MPR- I 


won J 
y INTER. COM. PAWEL 





TL $6169 


Figure 67. Search Indicator ID-35/MPN-1, bleck diagram. 
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28. SEARCH CENTRAL SN-6/MPN-1. 

a. General. One of the two search centrals is mounted 
in bay 4 of the indicator rack immediately above the 
operating desk and the other is located in a similar posi- 
tion in bay 6. The front panels of these units contain 
most of the controls necessary for operation at the two 


search positions (fig. 68). A map of the area covered 


by the search system is mounted on the panel in a position 
such that it may be viewed through a partially silvered 
mirror as a background to the reflected image of the 
PPI screen. The search centrals receive the sinusoidal 
output of the sine potentiometer and the negative-going 
trigger pulse from the synchronizer. They supply the 
sweep voltage, intensifying voltage, range markers, and 
identification strobe to the indicator tubes. Filament 
voltages for the search central are supplied by a trans- 
former located within the unit itself. All other voltages 
are obtained from Rectifier Power Unit PP-27/MPN-1 
located just behind the indicator unit. A block diagram 
of the search central appears in figure 69. 
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b. Gating Multivibrator. The gating multivibrator 
V5 (fig. 69), triggered by a negative-going pulse from 
the synchronizer, provides negative- and positive-going 
square wave outputs. The negative-going output actuates 
the sweep, range marker, and identification strobe cir- 
cuits, while the positive-going output supplies intensify- 
ing voltage to the first anode of the cathode-ray tube. 


c. Sweep Circuits. The sweep circuits consist of four 
sweep amplifiers, V13, V14, V15, and V16, and four 
“switch tubes V9, V10, V11, and V12. Actuated by the 
negative-going square wave from the gating multivibrator, 
these circuits produce a set of voltages which when ap- 
plied to the horizontal and vertical deflection coils of 
the search indicator, produce a continuously rotating 
linear sweep. Sweep ranges of 7.5, 15, and 30 miles are 
selected by means of a knob on the search central panel. 


d. Range Marker Circuit. The range marker circuit 
consists of V3, V4, and a half of V6. The negative-going | 
square wave from the gating multivibrator cuts off V3 
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Figure 69. Search Central SN-6/MPN-1, bleck diagram. 
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Figure 70. Intercommunications Panel SB-2/MPN.-1, front view. 


(a) setting a ringing circuit into operation, The resulting 
damped sine wave is squared, peaked, amplified by V6 
(a), mixed in the plate circuit of this tube with the 
identification strobe pulse, and applied to the cathode of 
the search indicator. The range marker circuit supplies 
range markers at 2-mile intervals for the 7.5-mile sweep, 
-and at 5-mile intervals for the 15 and 30-mile sweeps. 
Selection of the proper range marker circuit for a parti- 
cular sweep is accomplished by the range switch. 


e. Identification Strobe Circuit. The identification 
strobe circuit generates a marker pulse whose position 
along the timebase is variable by means of a control on 
the search central panel (fig. 68). By switching at the 
intercommunications panel (fig. 70) the identification 
strobe pulse from either of the two search centrals can be 
applied to the search indicators and to the precision indi- 
cator tubes. The strobe circuit operates from the nega- 
tive-going square wave output of the gating multivibrator. 
The leading or negative-going edge of the pulse triggers 
a multivibrator V7 whose output is a positive-going 
square wave of variable width. The trailing edge of this 
variable square wave triggers a blocking oscillator V8(a) 


causing it to go through one cycle of oscillation. The 
resulting sharp positive-going pip is fed to the inter- 


' communications panel by means of cathode follower 


V8(b). A potentiometer in the grid circuit of V7(b) 
controls the width of the square wave, and consequently 
the position of the sharp positive-going pip can be varied 
with respect to the timebase. This potentiometer is. the 
identification strobe position control and is located on 
the search central panel (fig. 68). From the intercom- 
munications panel, the strobe pulse is distributed to the 
search system requiring it. The strobe pulse selected re- 
turns to the search central where it is applied to the grid 
of V6(b). Mixed with the range markers in the plate 
circuit of V6, it is applied to the cathode of the search 


. indicator. The selected strobe pulse is also fed to the 


precision indicators where it is used to bring certain 
aircraft to the attention of the precision operators. 


f. Auxiliary Trigger Circuit. The auxiliary trigger 
circuit is provided for use when the synchronizer is not 
in operation. A free-running blocking oscillator V1 (a) 
generates sharp positive-going pulses spaced at intervals 
of approximately 500 microseconds. Cathode follower V2 
feeds the positive-going output pulse to the trigger selec- 
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tor switch on the intercommunications panel. Amplifier 
V1(b) inverts the output of the oscillator to provide a 
negative-going trigger pulse, which is also fed to the 
intercommunications panel for distribution. When the 
search system is to be. used alone, the positive pulse trig- 
gers the transmitter and the negative pulse triggers the 
circuits of the search centrals. Selection is made by 
means of the trigger selector switch located on the inter- 
communications panel (fig. 70). 


29. SEARCH INDICATOR ID-35/MPN-1. 

a. General. The two search indicators are located 
directly above their associated search centrals in bays 
4 and 6 of the indicator rack. These units provide mount- 
ings for the 7-inch cathode-ray tubes which present the 
PPI display. The indicator panel (fig. 71) slants for- 
ward at an angle, making the indicator screen visible by 
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reflection in a horizontally placed semitransparent mirror. 
Metal sides and a hinged glass cover, combined with the 
semitransparent mirror, form a case which incloses the 
front of the unit. The hinged glass cover provides the 
means for mounting the colored glass filters used for 
viewing the indicator screen. The sweep intensity, video 
brilliance, and focus controls are mounted on a remov- 
able section of the cabinet top. A navigating head and 
an adjustable compass rose, engraved on trarsparent 
plastic disks, are mounted over the indicator screen. The 
compass rose is divided into degrees beginning at the 
line representing true north. The navigating head is en- 
graved with a set of parallel lines, with a small picture 
of an airplane at the center to indicate direction of flight. 
Both disks rotate on rollers placed about the edge of the 


tube shield. Illumination for the compass rose and navi- 





Figure 71. Search Indicator ID-35/MPN-1. 
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gating head is provided by small bulbs placed about the 
edges of the plastic disks. An altimeter, mounted on top 
of the indicator in bay 6, is visible through a circular 
hole in the panel. This instrument is not present on the 
indicator in bay 4. 


b. Indicator Circuit. A circuit diagram of the indi- 
cator appears in figure 72. The cathode-ray tube is mag- 
netically deflected and magnetically focused. The vertical 
and horizontal deflection coils are placed so that their 
axes are perpendicular to each other and perpendicular 
to the axis of the tube. Plate voltage for the sweep 
amplifiers is provided by connecting the center taps of 
the two deflection coils to a 300-volt unregulated d-c 
source. The same d-c source supplies current to the 
focusing coil. Potentiometer P3, in series with the focus- 
ing coil, serves as a focus control. Positive bias is sup- 
plied to the cathode from a 250-volt regulated d-c source. 
Potentiometer P2 in the cathode circuit is the intensity 
control. The video signal is fed directly to the grid of 
the cathode-ray tube from the radar receiver. Potentio- 
meter P1 is the video brilliance control. The diode clamp- 
ing circuit using V1 returns the grid of the indicator 
rapidly to a constant no-signal level after each signal. 


c. Operation of Clamping Diode. The clamping 
diode V1 operates as follows: The positive signal 
coming from the receiver is applied to the grid through 
capacitor Cl, and across resistor R2. With its cathode 
driven positive by the signal, clamping diode V1 does 
not conduct. Consequently the signal voltage applied to 
the grid of the cathode-ray tube is equal to the potential 
drop caused by the charging current of capacitor Cl 
flowing through resistor R2. While the signal is present, 
capacitor Cl] acquires a charge. When the signal passes 
this charge must leak off. If the diode were absent, Cl 
would discharge through potentiometer P] and resistor 
R2, and a negative voltage would be applied to the grid 
of the cathode-ray tube, causing the trace to disappear 
or to be greatly reduced in brilliance: With the diode, 
however, this negative voltage is provided with a low 
resistance path to ground. The negative voltage applied 
to the cathode of V1 causes the tube to conduct, quickly 
discharging capacitor Cl, and effectively shunting resistor 
R2. The negative voltage applied to the grid of the 
cathode-ray tube is thus held to the relatively small value 
resulting from the discharge current of the capacitor flow- 
ing through the low resistance of the conducting diode. 


d. Indicator Voltages. A filament transformer 
mounted on the back of the indicator unit has two 6.3-volt 
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secondaries, one supplying the heater voltage for the 
cathode-ray tube and the clamping diode, and the other 
supplying voltage for the pilot lights. The unregulated 
300 volts supplied to the deflection and focus coils, and 
the regulated 250-volt cathode bias. are obtained from 
Rectifier Power Unit PP-27/MPN-1, which is mounted 
just behind the indicator unit. High voltage for the anode 
of the cathode-ray tube is supplied from one of the 
4,000-volt Rectifier Power Units PP-23/MPN-1, located 
in the lower part of bay 4 of the indicator rack. 


e. Cathode-ray Tube. Electrons emitted from the 
cathode of the search indicator tube are swept toward 
the fluorescent screen by the high positive potential of 
the anode. The negative bias applied to the control grid 
of the tube is controlled by potentiometer P2 in the 
cathode circuit. This bias is normally adjusted to make 
the trace barely visible on the screen when no signal is 
present. The positive signal reduces this negative bias, 
increases the intensity of the beam, and appears on the 
screen as a spot of light. The beam is consequently said 
to be “intensity modulated.” Positive voltage applied to 
the first anode is taken from the plate of the positive- 
going tube of the gating multivibrator in the search 
central. While the positive-going square wave supplied 
by this tube is absent, the first anode is sufficiently nega- 
tive with respect to the cathode to cut off the electron 
beam entirely. When the square wave is present, the tube 
conducts at normal intensity. Thus the electron beam 
reaches the screen only during the interval occupied by 
the sweep, and fly-back is suppressed. The alternating 
voltage applied to the first anode is referred to as the 
brilliance or intensity voltage, or sometimes as the bril- 
liance pulse. 


f. Focus Coil. Being composed of like charges which 
repel each other, the electron beam tends to fan out and 
to occupy all of the space available within the tube. A 
coil carrying a current placed about the neck of the tube, 
however, prevents this random motion and focuses the 
beam. The operational theory for the focus coil appears 
below, following the discussion of magnetic deflection. ° 


g- Magnetic Deflection. The pencil of electrons 
leaving the focus coil enters the magnetic field produced 
by the deflection coils. The physical arrangement of the 
deflection coils is shown schematically in figure 67. Eight 
coils are wound on an iron yoke so that four of them 
have a common vertical axis and the remaining four a 
common horizontal axis. Each set of deflection coils, 
energized by the sweep voltages, generates a magnetic 
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field perpendicular both to the axis of the cathode-ray 
tube and to the field generated by the other set of coils. 
The resulting system consists of two mutually perpen- 
dicular magnetic fields and a current of electrons perpen- 
dicular to both fields. A current of electrons in a magnetic 
field is deflected in a direction perpendicular to the 
magnetic field and to the original direction of the cur- 
rent. The magnitude of the deflection is proportional to 
the strength of the magnetic field. Where the deflection 
is produced by two magnetic fields at right angles to 
each other, the magnitude and direction of the deflection 
are determined by the magnitude and direction of the 
resultant field strength. 


h. Magnetic Focusing. The magnetic focus coil 
operates on the principles of magnetic deflection discussed 
above. This coil is a single solenoid placed so that its 
axis coincides with the axis of the cathode-ray tube. Cur- 
rent flowing in the focus coil creates a magnetic field 
whose axis also coincides with that of the cathode-ray 
tube. A stream of electrons flowing along this axis en- 
- counters no vertical component of magnetic field strength 
and thus continues on toward the screen with its direction 
unchanged. A stream of electrons flowing along any line 
other than the axis of the focus coil does, however, en- 
counter a vertical component of magnetic field strength. 
The electrons composing this stream will consequently 
acquire a velocity perpendicular to their original direc- 
tion of motion. This new velocity combines at right 
angles with the original velocity to produce motion along 
a helical path of decreasing radius. By properly adjust- 
ing the flow of current through the focus coil with a 
series variable resistor, these random electrons can be 
made to spiral into a path which lies close to the axis of 
the tube. The electron beam is thus brought into focus 
at a point on the tube screen with a sharpness generally 
surpassing that which is obtained with an electrostatically 
focused tube. 


i. High-voltage Anode. The high-voltage anode 
consists of a coating of graphite deposited in the inside 
of the glass bell of the cathode-ray tube. Connected to 
the positive supply terminal of one of the 4,000-volt 
power supplies, this electrode provides the potential which 
accelerates the electron beam from the cathode toward the 
screen. 


j. Long Persistence Screen. Cathode-ray tube 
screens are coated with chemicals which fluoresce or 
glow when bombarded with electrons. This property 
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causes the trace to be illuminated. The chemical coating 
on the screens of the cathode-ray tubes used in the search 
indicators posesses not only this property of fluorescence. 
but that of phosphorescence as well. This latter character- 
istic produces a glow which continues for several seconds 
after the electron bombardment has ceased. Screens of 
this type are said to be long persistent. 


30. ROTATING PPI SWEEP. The sweep trace of a 
PPI indicator moves at a uniform speed from the center 
to the outer edge of the screen and at the same time 
rotates about the center of the screen like a spoke of a 
wheel about the hub. The purpose of this paragraph is 
to establish the characteristics of a set of sweep voltages 
which will produce this type of sweep. Since ranges of 
7.5, 15. and 300 miles have been provided, the sweep 
durations will be approximately 80. 100. and 320 micro- 
seconds respectively. Radio Set AN/MPN-L has a prf of 
approximately 2,000; consequently the crace completes 
its traverse from the center to the outer edge of the 
screen approximately 2,000 times a second. At the maxi- 
mum scanning speed of the antenna, the trace completes 
one rotation about the screen every 2 seconds. 


(a) 


(b) 


(¢c) 
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Figure 73. Production of a trapezoidal waveform. 
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a. Production of a Linear Sweep. In order that 
anges may be read uniformly from one end of the 
indicator trace to the other, the electron beam must sweep 
at a uniform speed. This means that the magnetic field, 
and hence the current causing the field, must increase 
linearly with time. The required-current waveform there- 
fore is that shown at (a) in figure 73. If the deflection 
coils had inductance only, the required sweep voltage 
would be the simple square wave shown at (b) in figure 
73. The truth of this assertion is demonstrated by the fol- 
lowing reasoning: The voltage developed across a pure 
inductance is equal to the inductance multiplied by the 
time rate -of change of current. Since the increase of 
current was assumed to be linear, the rate of change of 
current must be constant, and since the inductance is 
known to be constant, the voltage must also be constant. 
Hence the required voltage is a square wave. However, 
this is an ideal case which will never be encountered 
practically, since all coils have resistance as well as in- 
ductance. It may readily be shown that a constant volt- 
age applied across a coil having inductance and resist- 
ance causes an exponential rather than a linear rise of 
current. Since a linear rise of current is required, a 
square wave of voltage obviously cannot be used. It 
was shown above that a pure inductance requires a con- 
stant applied voltage to produce a linearly increasing cur- 
rent. From Ohm’s law it is obvious that a linear increase 
in current through a resistance requires a linear increase 
in voltage. A coil may be thought of as consisting of a 
resistance in series with an inductance. Consequently, it 
is reasonable to expect that the voltage waveform produc- 
ing a jinear rise of current through the series combination 
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Figure 74. Addition of forces at right angles. 
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will be that resulting from the addition of a square wave 
and a triangular wave of voltage. This waveform shown 
at (c) in figure 73, results from the addition of (a) and 
(b) in the same figure. A truly linear rise of current 
through the coil requires that the height of the square 
wave and the slope of the triangular wave be properly pro- 
portioned. The result arrived at in the foregoing discus- 
sion could have been obtained quickly by writing the 
equation for the voltage (E) across a coil having induc- 
tance (L) and resistance (R): 


di 
E = Ri+ —. 
dt 
di 
Since the increase of current (i) is linear, — is constant 
dt 


and the equation reduces to: 


E = Ri + a constant. 


This equation shows that the voltage necessary to produce 
a linear increase in current through a coil is the sum 
of a constant part and a part (Ri) which increases 
linearly with the current. 


b. Production of a Rotating Sweep. If a voltage 
having the trapezoidal form described above is applied 
to either the horizontal or vertical deflection coils of 
the cathode-ray tube it causes the electron beam to sweep 
the screen uniformly in one direction only. This direction, 
as was explained in paragraph 29, is perpendicular to 
the magnetic held produced by the coil. If similar trape- 
zoidal voltages are applied to both the vertical and hori- 
zontal deflection coils, the electron beam sweeps uni- 
formly in the direction of the resultant deflecting forces 
produced by the vertical and horizontal coils. In figure 
74 F, represents the vertical deflecting force and F, 
represents the horizontal deflecting force. If these two 
lines are drawn with their lengths proportional to the 
magnitudes of the two forces, the magnitude and direc- 
tion of the resultant force (R) are determined by com- 
pleting the parallelogram as shown by the broken lines. 
The magnitude of force R determines the distance through 
which the electron beam is deflected, and thus determines 
the length of the trace. Since the trace must remain con- 
stant in length throughout its rotation, R must be con- 
stant. To indicate the fact that R remains constant it 
has been represented in figure 74.as the radius of a 
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circle. The vertical and horizontal forces which add 
vectorially to produce R are represented as before by 
KF, and Fy. Suppose now that R is to rotate continuously 
in a counterclockwise direction. The problem is to de- 
termine the manner in which F, and F, must vary to 
produce this rotation, and at the same time, to keep R 
constant in magnitude. Figure 75 shows the resultant R 
in successive positions during one complete revolution. 
At (a), the vertical component Fy is zero and the hori- 
zontal component Fy is a maximum. At (bh), the vertical 
and horizontal components are equal, and the resultant 
R is directed upward to the right at an angle of 15 
degrees. At (c), the horizontal component is zero and 
the vertical component is a maximum. At (d), the 
components are equal and the resultant is directed up- 
ward to the left at an angle of 45 degrees. At (e), the 
horizontal component is a maximum and the vertical 
component zero. At (f), the components are equal. 
At (2), the vertical component is a maximum and the 
horizontal component zero. At (h), the components are 
again equal, the vertical component is decreasing and 
the horizontal increasing as the vector rotates toward its 
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initial position. In figure 75, successive values of F,, the 
vertical deflecting force. have been projected to the right 
and laid out along a linear degree scale. A line drawn 
through the tips of the arrows provides a graph of the 
values taken by Fy during one complete revolution. Since 
this graph is a sine curve it is apparent that the vertical 
force must vary as the sine of ©, the angle R makes with 
the initial line. A similar graph for Fy has been con- 
structed by projecting successive values of this) com- 
ponent downward, This graph is a cosine curve, indi- 
cating that the horizontal force Fy must: vary as the 
cosine of ©. Since Fy varies as the sine of © and F, 
varies as the cosine of ©, these two components may be 
regarded as two sine functions displaced in phase with 
respect to each other hy 90 degrees. Thus it has been 
shown that if two forces are to combine at right angles 
to produce a rotating resultant of constant: magnitude, 
the two forces must he sinusoidal functions of the angle 
of rotation differing in phase by 90 degrees. Since the 
deflecting forces are proportional to the magnetic fields 
causing them, the magnetic fields of the horizontal and 
vertical deflection coils must also be sinusoidal functions. 
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Figure 75. Generation of a rotating deflection force. . 
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(C) VOLTAGE WAVEFORM, PHASE 2. 


TL36I70 


Figure 76. Sweep current and voltage waveforms. 


This requires that the currents flowing in the coils vary 
sinusoidally. At the same time these currents must vary 
from zero to a maximum, approximately 2,000 times a 
second. One of the two current waveforms is that shown 
at (a) in figure 76, a rapid saw-tooth wave modulated by 
a sine wave. The voltage waveform producing this cur- 
rent is shown at (b) in figure 76. The voltage pulses 
whose maxima lie along the sine curve have the trape- 
zoidal form necessary to cause a linear increase of cur- 
rent. Consequently the voltages applied to the two de- 
flection coils will have the forms shown at (b) and (c) 
in figure 76. identical in shape but displaced 90 degrees 
in phase with respect to each other. Figure 76 shows 
only a few cycles of the sweep in each half-cycle of the 
sine wave. Since the sine wave requires 2 seconds for 
the completion of a cycle. each half-vcle will contain 
approximately 2,.Q00 sweep cycles. 

c. Sine Potentiometer. The two sinusoidal voltages 
used to modulate the trapezoidal voltage pulses generated 
in the sweep circuits are obtained from a specially de- 
signed sine potentiometer geared to the search antenna. 
The four sliding contacts of this device deliver four 


sinusoidally varying d-c components differing succes- 
sively in phase by 90 degrees. These four outputs are 
applied, in pairs 180 degrees apart in phase, to the grids 
of the sweep amplifiers, where they determine the maxi- 
mum voltage developed by the sweep circuits during each 
cycle. Thus the outputs of the sweep circuits are ampli- 
tude modulated by the output of the sine potentiometer. 
Since the sine potentiometer rotates with the antenna, 
the maximum voltage attained by each component of 
the sweep during any given sweep cycle depends upon 
the angular position of the antenna during that cycle. 
If the antenna is not rotating, the sweep continues to be 
developed, but the amplitudes of its horizontal and 
vertical components remain constant. The center of the 
sine potentiometer winding is grounded, and its two ends 
are supplied with positive and negative voltages from 
the search central. The negative voltage is the —150-volt 
regulated output of Rectifier Power Unit PP-27/MPN-1, 
which is provided directly to the sine potentiometer by 
a jumper connection within the search central. The posi- 
tive potential for the other end of the winding is taken 
from the 270-volt regulated output of Rectifier Power 
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Figure 77. Gating multivibrator cireuit. 


Unit PP-27/MPN-1, but is dropped to approximately 
150 volts by preset adjustable resistors. To provide 

suitable expansion of the trace on all ranges, two of 
_ these dropping resistors have been incorporated into the 
search central, one used with the 15- and 30-mile ranges 
and another used with the 7.5-mile range. These resis- 
tors, R46 and R88 in figure 86, are selected automatically 
by the range switch. | 


31. GATING MULTIVIBRATOR. The gating mul- 
tivibrator, VS in figure 77, is triggered by the negative- 
going master trigger pulse from the synchronizer. Prior 
to the application of this pulse V5(b) conducts, while 
V5(a) is held nonconducting by the fixed negative bias 
on its grid. Receiving the negative-going pulse at its grid, 
V5(b) is cut off, and the potential of its anode rises. This 
rise in voltage, coupled to the grid of V5(a) by C15 and 
R24, overcomes the negative bias and onuses V5(a) to 
conduct. The resulting drop in voltage at the anode of 
V5(a), coupled back to the grid of V5(b) by the capac- 
itor C14, keeps V5(b) cut off until C14 has discharged 
sufficiently to make the drop across the grid resistor less 
than cutoff. The grid resistor may be either R26, R27, or 
R28 and potentiometer P10, depending upon the position 
of selector switch A. The value of this resistance deter- 
mines the rate at which C14 discharges, and hence governs 
the width of the square wave produced. The three gate 
widths provided correspond to the three ranges, 7.5, 15, 
and 30 miles, provided by the search indicator system. 
When the potential at the grid of V5(b) becomes less than 
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cutoff, this tube resumes conduction and the potential of 
its anode falls to its original value. This fall of potential, 
coupled back to the grid of V5(a), cuts this tube off and 
causes its anode potential to rise. The voltage waveforms 
obtained at the grids and anodes of the two sections of 
the tube are shown in figure 78. The positive-going square 
wave taken from the anode of V5(b) is applied to the 
first anode of the indicator cathode-ray tube to intensify 
the trace while the sweep is applied. The negative-going 
square wave from the anode of V5(a is fed to the sweep 
circuits, range marker circuit, and identification strobe 
circuit. The small capacitor C15 steepens the leading and 
trailing edges of the negative-going square wave from 
V5(a) by effectively shorting resistor R24 during the first 
few microseconds following a change in V5(a) from con- 
ducting to nonconducting or vice versa, and hence func- 
tions as a bypass for the high frequency components of 
the square wave. 


32. SWEEP CIRCUITS. Each of the two search cen- 
trals contains a sweep circuit supplying the associated 
search indicator tube with horizontal and vertical de- 
flection voltages having the waveforms illustrated at 
(b) and (c) in figure 76. These circuits (fig. 86) consist 
of four sweep amplifiers V13, V14, V15, and V16, each 
receiving on its grid one of the four sinusoidally varying 
voltage components from the sine potentiometer. Since 
these voltages are spaced in phase at 90 degree intervals, 
they may be paired off so that the two members of each 
pair differ from each other by 180 degrees in phase. With 
each of these paira connected to the grids of either the 
two vertical sweep amplifiers or the two horizontal sweep 
amplifiers, they provide push-pull operation (fig. 79). 
The four 6SN7-GT tubes, V9, V10, V11, and V12, function 
as electronic switches. Controlled by a negative-going 
square wave from the gating multivibrator, these tubes 
switch the grids of the sweep amplifiers alternately be- 
tween a constant reference potential and the potential 
impressed on the input circuit by the sine potentiometer. 
This has the effect of chopping the slowly varying sine 
wave provided by the sine potentiometer into pulses. 
Resistance-capacitance networks in the input circuits give 
these pulses the trapezoidal form necessary to produce a 
linearly increasing current in the deflection coils. Imme- 
diately after completing each sweep cycle the switch tubes, 
operating as clamping tubes, return the grids of the sweep 
amplifiers to a definite reference potential. This insures 
that the sweep will start each cycle from the same voltage 
level, and hence that the trace will always start from the 
same point on the cathode-ray tube screen. 
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Figure 78. Gating multivibrator waveforms. 
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a. Functioning of Switch Tubes. Consider the 
circuit of V9 in figure 79. Anything said about the opera- 
tion of this circuit applies equally to the circuits of V10, 
V11, and V12 (fig. 86). At the end of each sweep cycle, | 
the two triode sections of V9, operating as a clamping 
circuit, return the grid of V13 to a definite positive poten- 
tial and hold it there until the beginning of the next cycle. 
This insures that the sweep trace will always start from 
the same point on the cathode-ray tube screen. Poten- 
tiometer P8 in the cathode circuit of V9(b) is a centering 
control for adjusting the starting point of the sweep to the 
center of the indicator screen. The grids of V9(a) and 
V9(b) are held at a low positive value determined by the 
flow of the grid current of V9(b) through R67. The com- 
bined resistance of R48 and P5 is great enough to insure 
that the voltage applied to point X by the input circuit 
never becomes large enough to cut off V9(a) during the 
interval between gating pulses. Part of the plate current 
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Figure 79. Sweep circuit, partial schematic diagram. 
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flowing through V9(b) comes from V9(a) and the re- 
mainder is supplied by the input circuit. The voltage drop 
across V9(b) and its cathode resistor provides a steady 
bias to the cathode of V9(a) and to the grid of V13. If 
the voltage applied to the input circuit is increased, the 
current through this circuit increases, and tends to increase 
the current through V9(b). If the potential of the input 
circuit is raised, the current flowing through this circuit 
increases and tends to increase the current through V9(b). 
However, the slight rise in potential that takes place at 
point X, increases the bias applied to V9(a) reducing its 
conduction. Thus the current supplied to V9(b) by. V9(a) 
decreases and the total current through V9(b) tends to 
stay constant. Since the current through V9(b) remains 
constant, the voltage drop across the tube also remains 
constant and the grid of V13 is held at a very nearly 
constant potential. Reasoning similarly, a decrease in the 
voltage applied to the input circuit decreases the current 
supplied to V9(b) from the input circuit. The voltage at 
point X tends to decrease, increasing the current through 
V9(a). This increase in the current supplied to V9(b) by 
_ V9(a) helps to make up the deficiency in the current sup- 
plied by the input circuit, with the result that the current 
through V9(b) remains constant. Hence the voltage ap- 
plied to the grid of V13 also remains constant. 


b. Generation of a Trapexsoidal Pulse. The nega- 
tive-going square wave from the gating multivibrator, 
applied to the grids of the switch tubes, causes these tubes 
to cease conduction. Since C43 and R67 provide a long 
time constant, the switch tubes remain cut off for the 
duration of the square wave. Thus during the time of the 
gating pulse the switch tubes cease their clamping action 
and allow the voltage applied by the sine potentiometer to 
become effective at the grid of V13. Prior to the applica- 
tion of the gating pulse capacitor C28 was charged to the 
potential existing between the grid and plate circuits of 
V13. If the potential applied by the sine potentiometer at 
the moment the switch tubes cease conduction is greater 
than the reference value established by the clamping ac- 
tion, the new potential applied across (28 is less than that 
to which C28 is charged. Consequently C28 must pean 
toward the new potential difference. The resulting curren 
flows through the resistance in the input circuit ie 
through R49 toward B-+. Due to this flow of current 
about two-thirds of the voltage applied by the sine poten- 
tiometer is dropped across R48 and P5, which total ap- 
proximately 1 megohm. The remainder appears across 


R49 and C28 and is applied to the grid of V13. This - 


voltage .is represented in figure 80 by the line a-b. As 
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C28 continues to discharge, the current in the circuit 
decreases, and the grid potential of V13 rises along the 
more or less curved path b-c. If sufficient time were avail- 
able, the voltage applied to the grid of V13 would approach 
the value supplied by the sine potentiometer. However, 
due to the long time constant provided by the combination 
of R48, PS, R49, and C28 only a small part of this voltage 
rise is attained in the time allowed by the gating pulse. 
In addition, the inverse voltage fed back from the plate 
of V13 continuously lowers the potential impressed acroes 
C28 and thus retards the decay of the current in the circuit. 
This inverse voltage feedback helps to linearize the rise of 
voltage at the grid of V13, by keeping the discharge cur- 
rent of C28 nearly constant. In figure 80 line a-e repre- 
sents the potential applied by the sine potentiometer to 
the input circuit, a-b represents the part of this voltage 
that is immediately applied to the grid of V13. Sloping 
portion b-c represents the continuous increase in the vokt- 
age applied to the grid of V13 by the discharge of C28, 
and c-d represents the sudden drop which results when the 
gating pulse is removed. A similar explanation applies 
when the voltage impressed on the input circuit by the 
sine potentiometer is less than the reference value estab- 
lished by the clamping action of the switch tubes. In this 
case, however, C28 charges and the direction of the current 
is such that the initial drop in voltage at the grid of V13 
is less than that finally attained. 


c. Sinusoidal Modulation. Since during the genera- 
tion of trapezoidal pulses in the manner described above, 
the maximum voltage attained by each pulse is determined 
by the voltage input from the sine potentiometer, the 
wavetrains supplied to the deflection coils will have the 
form illustrated at (b) and (c) in figure 76. 
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Figure 80. Generation of a trapezsidal waveform. 
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33. RANGE MARKER CIRCUIT. Range markers 
appear on the PPI display as concentric circles spaced 
from the center at 2-mile intervals on the 7.5-mile sweep, 
and at 5-mile intervals on the 15- or 30-mile sweeps. The 
range marker circuit appears in figure 81. Switch G 
which selects the proper range marker frequency for 
any given sweep range is ganged to the range switch 
(fig. 68). The intervals at which range markers appear 
along the timebase are determined by the natural fre- 
quencies of the two resonant circuits, selected by switch 
G, in the cathode circuit of V3(a). One of these tuned 
circuits supplies the 2-mile and the other the 5-mile 
range markers. The negative-going square wave from the 
gating multivibrator, applied to the grid of V3 (a), cuts 
this tube off. The sudden cessation of current through 
L1 shock excites the tuned circuit and causes it to generate 
a damped sine wave having a natural period of oscillation 
equal to twice the time required for a radar pulse to 
travel the distance represented by the spacing between 
range markers. Applied to the grid of V3(b) which is 
operated at a low bias, the positive half-cycles of the 
damped sine wave are clipped off by the flow of grid 
current through R15, and the negative half-cycles appear 
amplified and inverted at the anode. Further squared 
and inverted by V4(a), this voltage is applied to the 
grid of V4(b), which normally conducts a heavy cur- 
rent. The positive-going edges are without effect but 
the negative-going edges cut V4(b) off and bring the 
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flow of current through L2 to a sudden stop. Shock 
excited by this sudden stoppage of current, L2 generates 
a damped sine wave. The first positive swing of this 
oscillation has a large amplitude but succeeding swings 
are rapidly damped out by the resistance of P2. This 
output is applied to the grid of V6(a) which is biased 
sufficiently beyond cutoff to prevent the tube conducting 
on any but the first large positive swing. The output of 
V6(a), a series of sharply peaked negative-going pulses, 
is applied to the cathode of the indicator tube. The opera- 
tion of the circuit is summarized by the waveforms shown 
in figure 82. The square wave shown at (a) is the nega- 
tive-zoing gating pulse. The waveform shown at (b) is 
the damped sine wave produced by the ringing of the 
uscillatory circuit in series with the cathode of V3(a). 
At (c) this same waveform is shown as it appears at the 
anode of V3(b), after having been subjected to grid 
clipping and inversion, and (d) shows the square wave 
resulting from further amplification and inversion by 
V1(a). The bursts of damped oscillations produced at 
the anode of V4(b) by the ringing of L2 are shown at 
(e), and the amplified and inverted output of V6(a) 
appears at (f). 


34. IDENTIFICATION STROBE CIRCUIT. The 
identification strobe circuit generates a marker pulse 
movable along the timebase by means of a knob on the 
search central panel (fig. 68). By switching from the 
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Figure 81. Range marker circuit. 
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intercommunications panel, the marker pulse from either 
(a) GATING PULSE search central can be applied to either or both of the 
search indicators, and to the precision indicator tubes. 


Its appearance on the display is similar to that of the 
range marker circles. The search operator using the 
marker adjusts the positioning knob on the search central 
panel until the marker circle intersects the echo he 
wishes to indicate. This position is indicated simultan- 


(b) GRIO V3(b) 


eously on the displays at other operating positions. The 
identification strobe circuit (fig. 83), consists of a multi- 

(¢)GRIO V4 (a) vibrator which generates a square wave of variable width, 
and a blocked oscillator triggered by the trailing edge 
of this square wave. 


a. Variable Multivibrator. The negative-going 
square wave from the gating multivibrator is differenti- 
ated by the circuit consisting of C21, R38, P3, and R44, 
into a series of positive and negative pips which are 


Be ee eee applied to the grid of V7(b). Since V7(b) is already 
(€)GRID V6 (e) 


(d)GRIO V4(b) 





conducting, the positive pips have no noticeable effect. 


(f) ANODE V6(a) The negative pips, however, cut off V7(b) and initiate 
TO CATHODE the action of the multivibrator. This circuit operates 
OF CRT. _— ; nous : : 
ers similarly to the gating multivibrator which was discussed 
Figure 82. Production of range markers. in paragraph 31, except that the grid time constant is 
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Figure 83. Identification strobe circuit. 
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continuously variable by means of a potentiometer P3. 
This potentiometer varies the discharge time of capacitor 
C19, and thus determines the width of the positive-going 
square wave produced at the anode of V7(b). 


b. Blocking Oscillator. The positive-going square 
wave from the anode of V7(b), fed to the anode of V8(a) 
which is biased beyond cutoff, causes pulses of current 
to flow through the primary of T3. The secondary is 
connected to the grid so that the positive-going leading 
edge of the square wave applies a negative pulse to the 
grid and thus has no effect. The negative swings of the 
trailing edge, however, cause positive pulses to be applied 
to the grid of V8(a). These positive pulses overcome the 
standing bias and cause the tube to conduct. The resulting 
decrease in the potential of the anode of V8(a) causes 
further increase in the potential applied to the grid, and 
increases conduction. .As the grid goes positive with 
respect to the cathode, grid current flows and charges 
. Capacitor C23. As V8(a) nears saturation, the plate cur- 
rent stops increasing, and the voltage pulse applied to 
the grid disappears. Capacitor C23 discharges through 
R41 and aids the standing negative bias in taking over. 
The tube again becomes nonconducting and remains so 
until the multivibrator again applies a negative-going 
voltage to the primary of T3. Thus V8(a) generates 
only one half-cycle of oscillation during each cycle of 
the square wave from V7(b). This sharply peaked volt- 
age pulse is supplied by the tertiary of T3 to a cathode 
follower which feeds it as a positive-going pulse to the 
distribution switches on the intercommunications pamel. 
Returned fro the intercommunications panel to the grid 
of V6(b) the pulse is amplified and applied to the 
cathode of the indicator tube. The strobe brilliance con- 
trol P4 is mounted on the search central panel. _ 


c. Position Control. Potentiometer P3, mounted on 
the search central panel, controls the time constant in 
the grid circuit of V7(b), which determines the width 
of the positive-going square wave whose descending edge 
triggers the blocked oscillator. Varying the width of this 
square wave, varies the pesition of the negative-going 
edge with respect to the timebase and hence controls the 
position of the strobe pulse. 


35. AUXILIARY TRIGGER CIRCUIT. Each of the 
search centrals contains an auxiliary trigger circuit which 
generates positive and negative-going pulses similar to 
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those supplied by the synchronizer. Though not generally 
used during routine operation, these circuits are useful 
during testing or for occasions when the precision system 
is not operating. The auxiliary trigger circuit (fig. 84) 
consists of a free-running oscillator, an amplifier, and a 
cathode follower. Sharp positive-going voltage pulses 
generated by the oscillator are fed simultaneously to the 
cathode follower and amplifier which .provide respec- 
tively the positive and negative-going outputs. These 
outputs are wired to a 3-position switch on the inter- 
communications panel. This switch allows three choices 
of trigger: No 1 search central, No. 2 search central, or 
synchronizer. 


a. Blocking Oscillater. The grid of V1(a) is biased 
positively by a voltage dividing network connected to B+. 
Suppose that power to the circuit has just been turned 
on. The flow of plate current through the primary of 
T1 is increasing. The voltage induced across the sec- 
ondary of Tl makes the grid more positive and assists 
the increase of plate current through the primary. Grid 
currest flows and charges Cl. Finally as Vi{a) nears 
saturation, the current stops increasing, and the voltage 
induced across the secondary of Tl disappears. Capaci- 
tor Ci applies a large negative voltage to the grid of 
V1(a), causing the tube to cease conduction, and begins 
to charge through Rl; Pl and R3. As Cl charges, the 
megative voltage applied to the grid of Vi{a) decreases 
and finally becomes less than cutoff. At this point, con- 
duction is resumed and the tube goes through another 
half-cycle of oscillation. The time interval between oscil- 
lations depends on the time constant provided by Rl, 
Pl, R3, and Cl. Potentiometer Pl] provides a means for 
varying this time constant, and hence controls the prf of 
the system when this trigger circuit is used. 


b. Positive and Negative Trigger. The output ob- 
tained at the tertiary of Tl] is a series of positive-going 
voltage pulses. Amplifier V1(b) inverts this output and 
provides the negative-going pulse which triggers-the cir- 


cuits of the search centrals. Cathode follower V2 pro- 


vides the positive going trigger which actuates the trans- 
mitter modulator. 


36. INTERCOMMUNICATIONS PANEL. The in- 
tercommunications panel (fig. 70), though really a part 
of the communications system of Radio Set AN/MPN-1, 
has several important functions in connection with the 
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Figure 84. Auxiliary trigger circuit. 


radar circuits. Some of these functions have been referred 
to in the preceding paragraphs of this section. Figure 
85 is a diagram of the radar control circuit of the inter- 
communications panel. Connections having to do with 
the communications system are shown on a separate dia- 
gram given in chapter 4. The trigger selector switch is 
accessible by means of a screwdriver through a hole 
located at the bottom center of the panel. This switch 
has three positions, which allow the master trigger pulse 
to be taken from the No. 1 search central, the No. 2 
search central, or the synchronizer. Of the seven knobs 
arranged in a row along the top of the panel, the first 
two from the left control the brilliance of the map and 
compass rose lights on the search indicator in bay 4, 
the third selects either of the two identification strobe 
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pulses for application to the indicator in bay 4, the 
fourth controls the: gain of the search receiver, the 
fifth selects either of the two identification strobe pulses 
for application to the search indicator in bay 6, the 
sixth and seventh control the brilliance of the compass 
rose and map lights on the indicator in bay 6. The knob 
to the left of the trigger selector switch selects either of 
the two identification strobe pulses for application to 
the precision indicators, and the knob to the right of the 
trigger selector switch applies both strobe pulses to all 
indicators simultaneously. A toggle switch selects the 
power supply for the sine potentiometer from either the 
No. 1 or the No. 2 search central. The remaining con- 
trols on the panel are associated with the communications 
or intercommunications system. 
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Figure 85. Intercommunications Panel SB-2/MPN-1, 
radar control circuit. 
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Symbol 
Designation 


Pl 
P2 
P3 
P4 
P5\ 
P6s 


Description 


Ohm Watt 
4,700 A 

— 4,700 \ 

22,000 \% 

22,000 KB 


.01 mfd 600V 


6 25 

25 25 

25 25 

6 25 
100,000 4 


SW1, SW2 & SW3—Omitted 


SW4 


SW5 
SW6 
SW7 
SWs 
Sw9 


C&H $8373, 3 amp, 
250V, D.P.D.T. Sw. 
CRL (S.P.D.T.) $1460 
CRL (S.P.D.T-) $1460 
CRL (S.P.D.T.) $1460 
CRL (S.P.D.T.) $1460 
CRL $2515 (4 Circuit 
3 Position) 


SWI10, SW11 & SW12—Omitted 


RLYI 


Leach $1357 
















Tolerance 


20% 
20% 
20% 
20% 


20% 


20% 
20% 
20% 
20% 


Dual Pot 
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Figure 86. Scarch Central SN-6/MPN-1, schematic diagram. 
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CHAPTER 3 


THEORY OF PRECISION SYSTEM 


SECTION I 


_ INTRODUCTION 

37. FUNCTION OF SYSTEM. Radio Set AN/MPN-1, 
of which the precision system is a part, is designed to 
supply information as to the position of an aircraft in 
space. This information is utilized by the operators of 
the radio set to direct the movement of the airplane for 
a safe approach to the runway of the airfield. In order to 
perform this function, the radio set utilizes two complete 
radar systems which, to a large extent, operate independ- 
ently of each other. 

a. The first or “search” system supplies continuous 
information on the position of all near-by aircraft. This 
information is necessary to keep other airplanes (waiting 
to land) from colliding, to direct aircraft into the proper 
position fér approach, and to keep a constant check over 
the area surrounding the runway to-prevent all other air- 
craft from getting into the path of the approaching air- 
plane. The search system is discussed completely in 
chapter 2. 

b. As its name implies, the second or “precision” sys- 


IZONTAL AXIS 
VERTICAL AXIS 
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tem supplies precise information on the location of the 
aircraft. When the antennas of the system are properly 
aligned with the runway, information presented on the 
indicators will locate any airplane in this field with respect 
to a predetermined glidepath. This information enables 
the operators of the radio set to guide the pilot of the 
aircraft over a proper approach to the airfield runway. 


38. TECHNICAL CHARACTERISTICS. 


a. Output. The precision system transmitter operates 
in the X band of frequencies, or at about 9,000 mega- 
cycles. The r-f output is in the form of short bursts or 
pulses of energy at a recurrence frequency of approxi- 
mately 2,000 pulses per second (500 microseconds between 
pulses). Each pulse requires a time interval of approxi- 
mately 0.5 microseconds. The average power output of 
the system is about 15 to 20 watts, and since the duty 
cycle (par. 8, TM 11-467) is 0.001, the peak power is 
approximately 15 to 20 kilowatts. The plate voltage sup- 
ply to the transmitter is a negative pulse of 12-kv ampli- 
tude, somewhat less than that supplied to the search system 
transmitter. | 






15° 
ANGLE OF SCAN, AZIMUTH 


Figure 87. Azimuth antenna characteristics. 
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b. Coverage and Range. The antennas of the pre- 
cision system. scan a sector in space which adequately 
covers the runway and.the approaching glidepath to the 
runway. This space is 20 degrees wide in azimuth and 
6 degrees high in elevation. Space is scanned in azimuth 
from 5 degrees to the right to 15. degrees to the left of 
a line parallel to the runway (fig. 87) and scanned in 
elevation from 6 degrees above to 1 degree below a 
horizontal line (fig. 88). Two ranges are available on 
the system, these ranges being 2 miles and 10 miles. Both 
ranges are in use simultaneously, each range being shown 
_ on separate tubes on both indicators. Additional informa- 
tion on the-indicator system is given in paragraph 41. 

c. Accuracy. The system is designed for an approach 
to the runway only and not for an actual landing of the 
aircraft on the runway. As such it is required only 


to bring the aircraft over the runway to an altitude of 


50 feet or less. ‘However, if experienced operators are 
available, the accuracy of the system will permit much 
closer approaches. The very sharp output pulse of this 
system results in good ‘definition of the aircraft in range. 
Construction of the precision antennas produces a sharp 
fan-shaped beam which improves target definition in 
azimuth and elevation. As shown in figures 87 and 88 
the beam of the azimuth antenna is. approximately 0.6 
degrees wide in azimuth and 1.5 degrees wide in elevation 
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while the elevation antenna beam is 3 degrees wide in 
azimuth and 0.4 degrees wide in elevation. 


39. LOCATION OF COMPONENTS. 

a. Transmitting System. All components of the 
transmitting system are located in the transmitter rack. 
This includes the two modulators (channels A and B) in 
bay 8 and the radio frequency unit (both channels on 
one chassis) in bay 9. Also included are the two high- 
voltage rectifiers (in bay 7) which furnish the high- 
voltage supply to the transmitting system along with the 
associated control box in bay 8. 

b. Radio Frequency System. The radio frequency 
system, consisting of the two precision antennas and the 
waveguide transmission line connecting the transmitting 
system with the antennas, is located on the left-hand side 
of the trailer (fig. 90). The elevation antenna is placed 
at the rear left-hand corner of the trailer and extends above 
the trailer into a removable housing. The azimuth an- © 
tenna is also on the left side of the trailer and.is mounted 
underneath the communications rack B. The switching 
unit, which automatically switches from one precision 
antenna to the other at régular intervals, is located in the 
antenna compartment between the two antennas. 

c. Receiving System. A part of the receiving system 
is included in the same chassis with a part of the trans- 
mitting system. The heterodyne converter is mounted in 
the r-f unit along with the transmitting oscillator. The two 
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Figure 88. Elevation antenna characteristics. 
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Figure 89. Transmitter Rack MT-119/MPN-1, precision 


system components. 
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Figure 90. Losetton of precision antennas. 


precision receivers (A and B) are mounted in bay 9 of 
the transmitter rack (fig. 89). A small part of the receiv- 
ing system is also built into the synchronizer which is 
mounted in the indicator rack (fig. 91). 

d. Indicating System. The entire precision indicat- 
ing system is mounted in the first 3 bays of the indicator 
rack. The elevation indicator with its associated sweep 
amplifiers is mounted in bay 1, while the azimuth indicator 
and sweep amplifiers are mounted in bay 3. The approach 
indicator (error meters) is located in bay 2. The two 
aural signal units (channels A and B) are located in bays 
1 and 2 respectively, directly below the operator’s table. 
The synchronizers (channels A and B), which are closely 
allied with the indicator system, are mounted in bay 2. 

e. Power Supplies. All power supplies used with the 
precision system, with the exception of the high-voltage 
power supply, are mounted beneath the operator’s desk 
in the indicator rack. 


40. CONNECTION OF COMPONENTS. 

a. System Breakdown. \n order to make a system: 
atic analysis of the unit possible, the precision system has 
been subdivided into smaller systems according to the 
functions that the components perform. A functional 
block diagram is shown in figure 92. 


b. Transmitfing System. A sharp positive trigger 
from the synchronizer is formed into a negative high. 
voltage pulse by the modulator and is applied to the 
magnetron in the r-f unit. The high voltage necessary 
for forming the pulse is obtained from Rectifier Power 
Unit PP-26/MPN-1, while the magnitude of the pulse is 
controlled by Control Box C-61/MPN-1. The magnetron 
converts the negative high-voltage pulse into ultra-high- 
frequency oscillations. 


c. Radio Frequency System. The oscillations from 
the magnetron are fed to the two precision antennas by 
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means of hollow rectangular waveguides, ‘Ihe two anten- 
nas scan in different planes, one scanning in azimuth 
and the other in elevation. Each antenna is in use half 
the time, the switching unit directing the r-f energy to 
one or the other. The antenna switching process is very 
slow in comparison to the pulse repetition rate. The same 
antenna is used for receiving as was used for transmitting. 
~ Received energy travels back through the waveguide to 
the r-f unit, 


d. Receiving System. The received signal is fed into 
the heterodyne converter in the r-f unit and converted 
to the intermediate frequency of 30 megacycles. In the 
receiver the signal passes through five i-f stages, a diode 
detector, and one stage of video amplification. Output is 
fed through a cathode follower to an additional stage of 
video amplification in the synchronizer and thence to the 
indicator system. Additional circuits in the receiver are 
an automatic frequency control (AFC) circuit to hold 
the local oscillator frequency at the proper value, and a 
sensitivitytime-control (STC) circuit to keep the intens- 
ity of all signals constant irrespective of range. 


e. Synchronizer. ‘The synchronizer is a timing device 
for both the search and the precision systems. It gener- 
ates’ both positive and negative triggers, and all range 
markers and angle markers for the precision indicator 
system. These marker signals, together with the identifi- 
cation marker obtained from the search system, are mixed 
for application to the indicator tubes. Blanking of indi- 
cators and variation of receiver gain (in conjunction with 
antenna switching) is accomplished in the synchronizer. 


f. Indicator System. Three indicators are used with 
the precision system: namely the elevation, azimuth, and 
approach indicators. Two different views of the scanned 
region which show the actual position of the approaching 
aircraft in space are shown on the elevation and azimuth 
indicators. The directors associated with these two indi- 
cators convert the information given on the displays into 
data on the actual distance that the approaching aircraft 
is deviating from the proper glidepath. This data is fed 
to the approach indicator and is read on the two meters 
in terms of actual feet of deviation. Video signals for 
the two indicators using cathode-ray tubes (azimuth and 
elevation) are obtained from the receiving system through 
the synchronizer. All marker voltages for these indicators 
are also generated and mixed in the synchronizer. Sweep 
voltages and timebase blanking voltages’are generated in 
the associated sweep amplifiers, there being separate 
though identical sweep amplifiers for each indicator. The 
aural signal unit receives information from the azimuth 
indicator as to the course error of the approaching ait- 
craft and converts this information to a correction tone 
which is transmitted to the pilot by radio. 
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g. Scan Synchronizing and Antenna Positioning 
Systems. The scan synchronizing system is an electrical 
connection between the antenna and the indicator system. 
Its function is to furnish data (on the position of the 
antenna beams) to the sweep amplifiers for the purpose 
of synchronizing the indicator sweep with the antenna 
beam movement. The antenna follower system is a 
mechanical linkage connecting the indicators with the 
antennas. This system utilizes the information given by 
the indicators to point the antennas at the approaching 
aircraft. 


41. PRESENTATION OF INFORMATION. 

a. Indicator Requirements. Because of the accuracy 
with which the location of the approaching aircraft must 
be determined, a special type of indicator is necessary. 
Since the region scanned by the precision system in space 
is rather limited (20° in azimuth and 7° in elevation) a 
plan position type of indicator (PPI) would present. a 
very small display in comparison to the area available 
on the indicator tube. By moving the center of an ordi- 
nary PPI display to the edge of the indicator tube and by 
doubling the length of the range scale a slight improve- 
ment may be made. ‘But by further expanding the azimuth 
scale (while keeping the range scale expansion constant) 
until the display occupies the major part of the indicator 
tube, an accur-te indication of small angles of azimuth 
may be had. This conversion from a PPI display to an 
expanded partial plan position indieator (EPI) is illus- 
trated by figure 6. A complete discussion of this type of 
display is given in paragraph 64. The same type of a 
display is applicable to the elevation indicator. 


b. Azimuth Indicator. Video signals are presented 
on two indicator tubes on which range is shown in a 
vertical direction with the zero point near the top edge 
of the tube. The vertical line on the tube represents a 
line parallel to the airfield runway with the azimuth dis- 
play showing an area 5 degrees clockwise and 15 degrees 
counterclockwise from this line. The horizontal (azimuth) 
scale of the display is expanded by a factor of 3. The 
two azimuth tubes carry identical azimuth indications but 
differ in range indications, the one having a maximum 
range of 2 miles and the other a maximum range of 10 
miles. 


c. Elevation Indicator. The elevation display is 
similar to that of the azimuth indicator except that range 
is shown along the horizontal line with the zero point at 
the left-hand side of the tube. The horizontal line on the 
display represents the ground line, and the display covers 
an area from 1 degree below to 6 degrees above this 
line. The vertical (elevation) scale of the tube is expanded 
by a factor of 10. 
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Figure 91. Indicator Rack MT-118/MPN-1, precision 
system components. 
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42. CONNECTION TO OTHER SYSTEMS. 


a. Search System. Besides the common power dis- 
tribution system, several signal circuits of the precision 
system are connected to circuits in the search system. 
(1) The positive trigger for the synchronizer, a com- 
ponent of the precision system, leads to the modulator, 
the first stage of which is common to both the search and 
precision systems. Here the systems separate, two sepa- 
rate high-voltage pulses being generated for application 
to the individual magnetrons. 


(2) The negative trigger from the synchronizer, as well 
as being used in the precision system, is fed to the search 
centrals to start the generation of indicator sweep voltages 
arid range markers. 


(3) If necessary, the search system may be operated 
alone by utilizing positive and negative trigger voltages 
generated in the search central itself. 


(4) An identification marker (which is actually a mov- 
able range marker) is generated in each of the search 
centrals for aid in identifying signals appearing on the 
indicators. These markers are fed to the precision indi- 
cators (10-mile tubes only) through the mixer circuits 
of the synchronizer to be used in identifying approaching 
aircraft. 


b. Communications System. (1) The three operat- 
ing positions of the precision system are connected ‘into 
the intercommunications system through microphones and 
headphones. 


(2) In addition, the approach controller (operator at 
the approach indicator) has access to the communications 
equipment. This operator is able to select any one of 
the available communications channels to enable him to 
give instructions to the approaching aircraft. 


(3) The aural signal unit, 4 part of the precision indi- 
cator system, is automatically connected to the communi- 
cations channel selected by the approach controller. 


SECTION Il 
TRANSMITTING SYSTEM 
43. INTRODUCTION. The precision transmitting sys- 


tem functions to generate high-power microwave radio 
frequency pulses in a manner similar to that previously 
discussed under the search transmitting system (ch. 2, 
sec. 11). The transmitting system is composed of Modu- 
lator MD-11/MPN-1, X-band Radio Frequency Unit 
RF-6/MPN-1, and Rectifier Power Unit PP-26/MPN-1 
(fig. 93). The modulator and rectifier units are the 
same units that supply the search r-f magnetron. Since 
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these units were described in detail under the search 
transmitting system, no attempt will be made to further 
discuss them in this section. The precision transmitting 
magnetron generates the high power r-f pulses which are 
radiated into space by the azimuth and elevation antennas. 
The pulses are timed by means of the modulator which 
converts the 2.5 microsecond trigger pulses from the 
synchronizer into 14 microsecond modulating pulses of 
approximately 12,000-volt amplitude. Provisions are also 
made so that the modulator may be triggered from either 
of the two search centrals of the search system. In normal 
operation, the trigger pulse is always supplied by the 
synchronizer; however, the additional trigger pulses from 
the search centrals are provided for test purposes and 
in case the search system should be used independently 
of the precision system. The precision system is dupli- 
cated in two ‘channels designated as channels A and B. 
Only one channel is used at a time, the other channel 
being maintained as a stand-by. 


a. Location of Components. The precision trans- 
mitting system components are located in Transmitter 
Rack MT-119/MPN-1 (fig. 89). Both high-voltage recti- 
fier units are mounted in bay 7 along side of the channel 
A and channel B modulator units, located in bay 8. The 
X-band Radio Frequency Unit RF-6/MPN-1 is mounted 
in the lower section of bay 9 and houses duplicate r-f 
units for the two channels. The local oscillator, crystal 
mixer, and preamplifier unit for each channel are also 
in the radio frequency unit. These components are part 
of the receiving system and are discussed in detail in 
section 1V of this chapter. Current and voltage readings 
for the precision transmitting system are read on the 
X-band meter in Control Box C-61/MPN-1. The meter 
readings are helpful in determining whether or not the 
equipment is operating normally, and in locating the 
faulty component or circuits if trouble should develop. 


6b. Modulator. A single modulator unit for each 
channel supplies the high-voltage modulating pulses to 
both S-band and X-band transmitters. The sharp posi- 
tive-going trigger pulse from the synchronizer is applied 
to a blocked oscillator circuit in the modulator. The pulse 
triggers the blocked oscillator which produces a narrow 
output pulse, the width of which is determined by a delay 
network in the grid circuit. The narrow pulse output is 
applied to the grids of four switching tubes, two of which 
are used with the S-band transmitter, the other two being 
used with the X-band transinitter. A high-voltage capaci- 
tor is coupled to the plates of each pair of switch tubes 
and is charged to the potential of the high-voltage power 
supply. When the positive pulse from the blocked oscil- 
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Figure 93. Precision transmitting system, simplified 


lator causes the switch tubes to conduct, the high-voltage 
capacitors are partially discharged through the magne- 
trons thereby producing the high-power r-f oscillations. 
As the discharge time is short in comparison with the 
time constant of the circuit, a negative square wave pulse 
is generated having a pulse width of approximately 0.5 
microsecond. The 0.5 microsecond pulses are applied to 
the magnetron 2,000 times per second which is the pulse 
recurrence frequency of the system. 


c. Power Supplies. (1) The high voltage required 
for pulsing the S-band and X-band transmitters is ob- 
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diagram. 


tained from Rectifier Power Unit PP-26/MPN-1. The 
total high-voltage output is applied to the S-band switch 
tubes while the 12-kv output used for the X-band switch 
tubes is obtained by dropping the total supply voltage 
by a voltage divider network. Rectifier Power Unit 
PP-26/MPN-1 is discussed in detail in chapter 4. 

(2) The modulator unit contains an additional power 
supply that furnishes +1,200-volt de and —750-volt dc. 
The positive voltage is used as a plate supply for the 
blocked oscillator and as the screen supply for all the 
modulator tubes. The negative voltage is provided as a 
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bias supply for the switching tubes and blocked oscillator. 
In addition, this negative voltage is also used as the 
keep-alive voltage for the search and precision system 


T-R switches. 





Figure 94. Radio Frequency Unit RF-6/MPN-1, front view. 


d. Radio Frequency Unit. (1) The-radio frequency 


unit (fig. 94) consists of two subchassis assemblies, each 
containing a magnetron oscillator and associated equip- | 


ment (fig. 95). One magnetron oscillator is used with 
each channel. The 12,000-volt negative pulse developed 
by the modulator is applied to the cathode of the magne- 
tron. The output of the magnetron i is directly coupled to 
the waveguide transmission line. by a small pick- -up loop, 
inserted into the magnetron cavity. 


(2) In addition to the transmitting magnetron, the r-f 
unit contains the T-R. and R-T switches and r-f channel 
switching mechanism, a part of the r-f system explained 
in section III of this chapter, as well as the local oscil- 
lator, crystal mixer, and preamplifier for each channel, 
a part of the receiving system described in section IV of 


this chapter. The receiving system components located 


* in the r-f unit provide a degree of amplification to the 
received signal in order to overcome the attenuation of 
the transmission line to the receiver proper. 
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44. MODULATOR MD.-11/MPN-1. The same modu- 
lator is used to key both the search and the precision 
transmitters simultaneously at a pulse repetition fre- 
quency of 2,000 pulses per second. Two identical modu- 


" lators are included in Radio Set AN/MPN.1, one being 


used by the channel in operation and the other being 
maintained for stand-by purposes. The complete sche- 
matic diagram of the modulator unit is shown in figure 
25. The operational theory will not be discussed under 
the precision transmitting system as‘ the unit was thor- 
oughly discussed in the search transmitting system (ch. 2, 


sec. IT). 


45. RADIO FREQUENCY UNIT RF-6/MPN-1. 


a. Description. The radio frequency unit in the pre- 
cision system is similar in construction and operation to 
the unit used in the search system. A single compartment 
houses the duplicate transmitting equipment for the A 
and B channels. The high-voltage pulse input from the 
channel A and channel B modulators is connected to their 
respective magnetron oscillators through the high-voltage 
insulated cables brought in to the back of the components. 
The transmit switch, on the power. distribution panel,’ 
controls the channel switching and through its associated 
circuits applies voltage to the terminal. strips of either 
.the channel A or channel B magnetron oscillator circuits. 
The preheat switches, also on the power distribution 
panel, apply power to the filament transformers and 
blower motors of the transmitting equipment before the 
high voltage is applied. The r-f output of either the. 
channel A or channel B magnetrons is fed to the common 
waveguide transmission system through a T-section chan- 
nel switch.+A pair of switching vanes block the unused 
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channel thereby allowing the energy to pass down the 


guide to the radiating antennas (sec. III). The complete 
schematic of the r-f unit is shown in figure 96. The pre- 


amplifier, local oscillator, and crystal mixer, shown on. 


the complete schematic, are not a part of the transmit- 
ting system but function solely.in a receiving capacity. 
They are, therefore, thoroughly discussed in the receiving 
system (sec. IV). 

b. Magnetron Transmitting Tube. The source of 
the transmitted r-f energy is the magnetron tube, the heart 
of the transmitting system. The conventional type of 
vacuum tube oscillator cannot be used to generate the 
ultra-high frequencies used in the precision system (ap- 
proximately 9,000 megacycles) since the transit time, 
or time required for the electrons to travel between the 
electrodes, becomes an appreciable part of the cycle at 
the high oscillating frequencies. Also, the inductance and 
capacitance between, electrodes is a limiting factor in the 
maximum frequency at which an ordinary vacuum tube 
will oscillate. The magnetron tube was developed to over- 
come these difficulties. The magnetron used in the preci- 
sion system is similar to the magnetron in the search 
system previously described (ch. 2, sec. II). The com- 
plete theory of this type of tube is beyond the scope of 
this manual, however, further details on the operation of 
the magnetron may be found in section XII of TM 11-466, 
Radar Electronic Fundamentals. 


c. Magnetron Characteristics. (1) Each channel 


in the precision r-f unit contains a type 2J36 magnetron 
transmitting tube, V1 (fig. 96). In the magnetron cavity 
is a magnetic coupling loop feeding an electrostatic probe 
which radiates into a section of standard X-band wave- 
guide. The magnetron is rigidly mounted in the field of 
a permanent magnet having a field density of 2,300 to 
2,900 gauss. In order to avoid putting the housing of 
V1 at a high potential, the case is grounded and the 
high-voltage keying pulses from the modulator are ap- 
plied as negative voltages to the tube’s cathode. The d-c 
pulses, or keying voltages, have a duration of 0.5 micro- 
second and an amplitude of approximately 12,000 volts, 
causing V1 to oscillate during periods of pulse applica- 
tion. Since the cathode and. filament of V1 are tied 
together, the secondary of filament transformer T1 is 
subjected to the high voltages applied to the cathode of 
the tube. Therefore, the transformer primary and sec- 
_ ondary windings must be well insulated from each other. 
To prevent arc-over, and to keep the shunt capacitance 
from cathode to ground at a minimum in order to pre- 
serve pulse amplitude and shape, a special design of 
isolation transformer is used. 
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(2) Under normal operating conditions, the tube is pulsed 
2,000 times per second, drawing an average current of 
about 12 to 16 milliamperes. Since the duty cycle, ‘or 
ratio of operating time to quiescent period, is one to ane- 
thousand, the peak current drawn approximates 14 
amperes which, at 12,000. volts, gives a peak input power 
of 168 kw. 

(3) No tuning adjustments are provided on the magne- 
tron oscillator, the frequency of oscillation being mainly 
determined by the built-in tuned cavity. To shift the fre- 
quency, a new magnetron must be installed. The wave- 
length of the magnetrons used in the precision system 
should lie between 3.27. and 3.33 centimeters. The chan- 
nel A and channel B magnetrons should be chosen so as 
to have frequencies close to each other, otherwise inac- 
curacies may result when switching chanrels. These inac- 
curacies are due to a shift in the beam pattern caused by 
a difference in frequency of the two magnetrons. 


(4) Each magnetron is equipped with a motor driven 
blower (BL 1), connected to the 117-volt a-c preheat cir- 
cuit. The blower is provided to dissipate the heat de- 
xeloped by the magnetron and is driven by a 117-volt a-c 
induction motor at 1,525 rpm. 


SECTION Ii 
R-F SYSTEM ° 


46. INTRODUCTION. The precision r-f system of 
Radio Set AN/MPN-1, like the search r-f system, includes 
the waveguide transmission system, the T-R switching 
system, and the precision azimuth and elevation antenna 
arrays (fig. 97). The purpose of the r-f system is to 
couple the high-power r-f energy, developed in the trans- 
mitting magnetron, to the antenna arrays where it is 
radiated into space, and to pick up the returning reflected 
signals and apply them to the receiving system. In ad- 
dition to the foregoing functions, the r-f system provides 
a means of alternately switching the transmitter output 
and receiver input between the azimuth and elevation 
antennas. 

a. Waveguide Transmission Line. (1) The high- 
power r-f energy from the magnetron oscillator is con- | 
ducted by means of a waveguide transmission line, 
through the r-f channel switch and r-f antenna switch, 
to either the azimuth or elevation antenna array. The 
waveguide transmission line used in the precision X-band 
system is similar to the S-band waveguide transmission 
line previously described. The theory of the two trans- 
mission lines is identical; however, the physical dimen- 
sions of the X-band waveguide are much smaller than 
those of the S-band waveguide due to the shorter wave- 
length of the X-band r-f energy. | 
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Figure 97, ; Precision r-f system, simplified 
schematic diagram. 


(2) As in the search system, two identical transmitter 
units are utilized in the precision system, one being used 
in actual operation and the other being maintained in a 
stand-by condition. Thus some means of switching the 
r-f transmission line between the two channels must be 
used. This is accomplished by physically blocking the 
waveguide of the stand-by channel at a point one half- 
wavelength from its junction point with the main trans- 
_mission line. Thus an electrical short will be reflected at 


‘the T-junction, causing it to appear as an L-section to- 


the live channel transmitted energy. 

(3) A similar switching system is used to alternately con- 
nect the transmission line to the azimuth and elevation 
antenna arrays. In this switch, r-f energy is distributed 
between, the two antennas by alternately blocking the 
elevation and azimuth waveguides by means of rotary 
switch blades inserted in the waveguide sections. Thus 
When the waveguide. feeding the azimuth antenna is 


blocked, the path to the elevation antenna will be open 
and the total r-f energy will be transmitted to the eleva- 
tion array. With the waveguide feeding the elevation 
antenna blocked, the r-f energy will be fed to the azimuth 
array. 


b. T-R and -R-T Switches. The precision system 
transmit-receive switch is similar in operation to the T-R 
switch used in the search system. It functions to keep 
the high peak power of the transmitted ‘pulse out of the 
sensitive receiver circuits, and presents a low-loss path 
to the receiver for the weak reflected echo signals. This 
is accomplished in the precision system hy two switching 
tubes; a T-R tube similar to the T-R tube used with the 
search system, and an R-T tube used to block the branch 
waveguide to the transmitter during the period of recep- 
tion. The two tubes are mounted near the transmitting 
magnetron in Radio Frequency Unit RF-6/MPN-1. 
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Figure 98. Precision ‘entenna assembly. 


c. Antenna Arrays. (1) Two separate antenna arrays 
(fig. 98) are used with the precision system of Radio Set 
AN/MPN-1; an elevation antenna to determine airoraft 
height, and an azimuth antenna to determine the direc- 
tion of the aircraft. The two arrays are similar in con- 
struction and operation, the elevation antenna being com- 
posed of a bruadside array ‘of 173 dipole antennas, and 
the azimuth antenna consisting of 121 dipole antennas. 


(2) The spacing of the dipoles is such that they are fed 
approximately 180 degrees out of phase and with alter- 
nate dipoles reversed to give an effect of all being fed 
inphase. The radiation from each dipole reaches its 
maximum at nearly the same instant. ‘Traveling out from 
the array, these individual fields of radiation combine to 
form a single wave front nearly perpendicular ta the array. 
At an angle from the normal to this wave front however, 
the fields become increasingly out of phase and tend to 
cancel each other. Thus the wave front is a radiation 
beam of highly directional characteristics. 

(3) The radiation beam of each antenna is made to 
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sweep through a small angle by mechanically changing 
the dimensions of the waveguide section feeding the 
dipoles. This alters the apparent wavelength of the radio 
waves traveling down the guide and thus changes the 
phase at which the dipoles are fed, thereby changing 
the effective direction of the beam radiation. 


(4) The dipole arrays are placed at the focal line of a 
section of cylinder, having a parabolic cross-section. which 
acts as a reflector and forms the radiation from the dipoles 
into a narrow wedge-shaped beam. The parabolic type 
reflector used with the precision antennas is shown in 
figure 99. The elevation array is fixed in a vertical posi- 
tion but can be moved in azimuth to give proper orienta- 
tion of the beam. Similarly, the azimuth antenna is fixed 
laterally, but can be moved in elevation by a foot-pedal 
servo system, explained in section VII of this chapter. 


47. WAVEGUIDE TRANSMISSION LINE. 
a. General. Standard X-band waveguide is used 
throughout the precision r-f system. At the high frequen- 





TM 11-1543 





Figure 99. Parabolic trough reflector. 


cies present in this system, the use of waveguide trans- 
mission line is the most efficient means of conducting the 
transmitted r-f energy to the antennas and the reflected 
echo signals to the receiving system. The theory of X-band 
waveguide operation is identical with that of the S-band 
waveguide and will not be repeated here. Refer to chap- 
ter 2, section III of this manual as well as section XI of 
TM 11-466 for the operational theory of the waveguide 
transmission line. 


b. X-band Waveguide. Standard X- band waveguide 
has an outside cross-section of 1.0 x 0.5 inches, with a 
wall thickness of 0.05 inches. It is constructed of rec- 
tangular brass tubing, silver plated for low surface -re- 
sistance. From a small antenna or exciting probe, r-f 
energy is introduced into this rectangular guide and is 
reflected back and forth between the walls. In this man- 
-ner the energy is conveyed down the length of the guide, 
and, since skin effect at the high X-band frequencies pre- 
vents penetration of the waveguide walls, very high efh- 
ciency of transmission is obtained. 


c. Waveguide R-f Choke Joints. All connections 
between waveguide sections are accomplished by means 
of r-f choke joints, identical to those used in the S-band 
system. In addition, a knuckle joint is used in the preci- 
sion system to provide a degree of flexibility between the 
rigid transmission line and the pivoted antenna arrays. 
Each transmission line is broken at a point on the axis 
about which the antenna is rotated. At this point a 
knuckle joint, composed of a choke flange facing a flat 
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flange, is inserted (fig. 100). The members of the knuckle 
joint are separated about 14 inch and a metal bracket 
with mounting screws holds them in position. This 
arrangement allows a small degree of rotation in the plane 


in which the antenna is servoed. 


d. R-f Channel Switch. (1) In order to connect 
either of the two oscillator units to the common wave- 
guide transmission line, an r-f channel switch assembly, 
shown in figure 101, is provided. This switch consists 
of a T-section of waveguide with the arms of the T fed 
from channel A and channel B magnetrons via double 
choke joints. The channel swiich is a part of Radio 
Frequency Unit RF-6/MPN-1. Switching from one r-f 
channel to the other is accomplished by means of two 
vanes mounted on a single shaft. By rotating the shaft, 
either of the vanes may be inserted into the waveguide to 
block one of the double choke joints. 


(2) The T-junction is in the electric plane, since the 
sidearms branch from the wide dimension of the guide. 
For this reason they are in series with the main line. In 
theory, the functioning of this section follows closely the 
operation of a two-wire transmission line system to the 
extent to which quarter and half-wavelength dimensions 
determine its characteristics. When a short circuit is 
placed across one of the arms of the T at a distance a 
half-wavelength.from the midpoint of the junction, power 
introduced from the main guide or from the other side- 


arm (fig. 102) is transmitted through the L-path, the 


shorted sidearm presenting a zero series impedance at 
the junction. However it is not possible to have perfect 
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Figure 100. Knuckle joint detail. 
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transmission around the corner of the L-section owing 
to the development of standing waves within the guide. 
Therefore to properly match the sections, it is necessary 
to place a matching diaphragm, composed of susceptance 
fins, in one arm. In this case the fins are “inductive 
windows” set in the narrow dimension where they are 
less liable to cause breakdown on application of high 
transmitted power pulses. The impedance matching 
effected by this diaphragm develops the lowest possible 
_ standing-wave ratio within the guide, essentially a unity 
ratio, together with complete transmittal of power down 
the desired path. | 

(3) Short-circuiting the sidearms is accomplished by the 
brass shutter disks of the switching unit. These disks are 
mounted on the drive shaft and guided by the T-section 
bracket. When the brass plate crosses an arm, an effective 
short circuit with negligible power leakage is developed. 
The plate is inserted between the two r-f‘choke joints, 
‘ mounted rigidly with a 14-inch gap between them to pro- 
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vide clearance for the blade. The action when conduction 
takes place acrose the gap between the flanges is practically 
that of a continuous line, owing to the short-circuiting 
effect of the half-wavelength slot. The junction is not 
perfect however, as tests show an approximate 5 percent 
lose in power. 

(4) The shaft for the r-f channel switch is directly driven 
by a small geared-down 117-volt a-c motor mounted on 
the r-f chassis. 


e. R-f Antenna Switch. (1) In order to alternately 
connect the elevation and azimuth antennas to the wave- 
guide transmission line, an r-f antenna switch, similar to 
the r-f channel switch, is used. This switch is a part of 
Switching Unit SA-8/MPN-1 (fig. 103). The antenna 
switch is comprised of a T-section, fed by the common 
transmission line. The two halves of the T-section feed 
the azimuth and elevation antennas, and are separated 
by a double choke joint in each leg, located a half-wave- 
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Figure 101. X-band rf channel switch. 
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Figure 102. Waveguide T-section, cutevay view. 


length from the T-junction. The two sidearms of the T 
are alternately blocked by rotating shutters, thereby 
applying a short circuit on alternate sidearm channels at 
the junction point with the main transmission line. This 
action is similar to the action of the r-f channel switch 
explained in the previous subparagraph. As the shutter 
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disks rotate, first one antenna and then the other is 
energized. 

(2) During the period that the elevation antenna is ener- 
gized, the width of the elevation array waveguide is 
varied, thereby causing the radiated beam to sweep 
through its elevation sector. The eccentric which drives 
the antenna scanner is so designed that the waveguide 
motion does not scan the beam in the return direction 
until the r-f switch re-energizes that antenna (fig. 104). 
In the meantime, the other antenna has been energized 
and its beam has scanned in one direction,. remaining 
at the end of its scan until the next period that this 
antenna is energized. 

(3) The antenna switch and scanning mechanism are 
operated by a 14-horsepower, 115-volt a-c electric motor. 
In order to provide a dual scanning speed for the preci- 
sion antennas, two motors are used. The motors are 
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-Figure 104. Precision antenna switching cycle. 


identical and operate at the same speed, but are fitted 
with different diameter pulleys for a chain drive. The 
two pulleys are connected through a free-wheeling clutch 
and the shaft of the motor with the larger pulley is chain- 
connected to the rotating shaft of the switching unit drive. 
(4) Only one motor is energized at a time, the selection 
being made by the azimuth tracker. If the motor having 
the smaller pulley is in use, the other motor will rotate 
and drive the chained pulley on the main drive shaft. 
However, if the larger pulley motor is energized, the 
clutch disconnects the other motor armature from the drive 
shaft and thus avoids ‘having that motor driven at an 
_ excessive speed. The two driving speeds are at a four- 
to-one ratio. When the motor with the larger pulley is 
- driving, the antennas are alternately energized and scanned 
at a rate to provide four “looks” a second per antenna. 
When the slower speed drive is applied, the rate is one 
“look” a second per antenna. 
(5) The slower drive is provided to develop a greater 
concentration of: transmitted energy upon a target near 
the extreme limits of the precision range. With the rapid 
scanning rate, approximately 250 pulses are transmitted 


during the 14-second period of each scan. At the limits” 


of the range, therefore, these pulses are so widely sepa- 
rated that they may not detect all targets. At the slower 
rate, 1,000 pulses are emitted per scan, giving four times 
greater coverage of the scanned area. 

(6) The shaft that drives the r-f antenna switch shutter 
disks also drives the photoelectric commutator disks. The 
operation of the commutator is explained under the scan 
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synchronizing and antenna positioning system, section 


VII of this chapter. 
f. Selector Line CG-25/MPN-1. (1) This line is 


a device for sampling a fixed portion of the transmitted 


power from the X-band r-f unit. It consists of a section 


of standard waveguide monnted in series with the trans- 


SIDE VIEW Tipe 
Figure 105. Selector Line CG-25/MPN-1, cutaway view. 


mitter output and the main transmission line to the 
antennas. Two power sampling waveguide sections are 
built on flush with the narrow sides of the main guide 


RESISTOR STRIP 
ABSORBER ~ 


section (fig. 105). Circular apertures are cut into the 
walls between the guide sections to permit leakage of the 
r-f power, and are spaced a quarter-wavelength apart. 
Each of the superimposed sections has a pick-up probe 
set into the wide side of the guide and terminating in 
a standard coaxial connector. At the opposite end of the 
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section is inserted a 100-ohm resistor strip absorber. The 
sampling sections are staggered in their placement on the 
main guide but face in the same direction, since they 
are both used to sample output power. One can be used 
with a thermistor bridge type of r-f power meter, while 
at the same time the other is used with an echo box for 
determining the. general efficiency of the system to that 
point. 

(2) The r-f power to be measured is separated from any 
reflected waves which may be present in the following 
manner: Energy from the r-f unit enters the line from the 
flanged end, and as it passes the circular apertures in the 
side wall, a portion leaks out through each of the open- 
ings, and recombines to travel in the same direction within 
the side section. Since the travel is in the same direction, 
the spacing of the holes is of little effect, and the wave 
fronts recombine in the same phase to be picked up by 
the coupling probe. Reflected energy traveling back 
through the guide from the choke termination also leaks 
through the circular apertures; in the direction of the 
pick-up probe it can‘be seen that the energy recombines in 
an out-of-phase condition, since energy entering through 
the second aperture has traveled a total of a half-wave- 
length farther. In the direction of the main reflected wave, 
whatever energy enters the section is absorbed in the load 
or resistor unit. This identical action takes place in both 
power sampling sections. 

48. T-R AND R-T SWITCHES. 

a. General. The T-R and R-T switches used in the 
precision r-f system are identical in theoretical operation 
with the T-R switch discussed under the search r-f system, 
chapter 2, section III. However, the physical construction 
of the tubes in the two systems differs, and an additional 
R-T tube is used in the precision r-f system. Two short 
branching waveguide sections, located near the magne- 
tron, are set into the narrow side of the main waveguide 
leading to the antenna. The first leads to the R-T switch 
and the second to the T-R switch and continues on through 
the mixer. Their construction is similar except that the 
R-T branch terminates a quarter-wavelength beyond the 
R-T tube,. and the T-R branch continues beyond the T-R 
tube to the mixer. 

b. Transmission. As in the search system, the main 
transmitted pulse traveling down the waveguide causes 
the T-R and R-T spark gaps to'fire, producing an ap- 
parent short circuit at their junction points with the main 
waveguide (fig. 107a). Thus the transmitted pulse 
travels down the length of the guide to the antenna arrays 
and very little energy reaches the sensitive crystal in 
the receiver mixer stage. 

c. Reception. At the end of the transmitted pulse the 
R-T and T-R arcs quench quickly, due to the water vapor 
content in the tubes, and the conditions are essentially 
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Figure 106. T-R and R-T switches, major dimensions. 


reversed. The R-T tube no longer shorts its half-wave 
stub, but allows energy to flow freely to the closed end 
of the stub one-quarter wavelength farther (fig. 107b). 


_ This closed end is a short circuit which is reflected as an 


open circuit at the junction point with the main guide 
and hence as a short circuit across the guide at the point 
c, one-quarter wavelength farther. This will have much 
the same effect as though the guide were closed off by a 
sheet of metal at this point. Likewise the T-R tube 
does not short its half-wave stub and hence no longer 
reflects a shott across its junction point with the main 
guide. Thus nearly all of the reflected energy from the 
antenna is diverted, by the apparent wall, through the 
T-R branch and T-R tube, and cavity to the mixer, with 
very little loss in the magnetron section. 


49. PRECISION ANTENNA SYSTEM. 

a. General. Two antennas are included in the preci- 
sion system of Radio Set AN/MPN-1, one scanning in 
the elevation plane and the other in the azimuth plane. 
The two antennas are fed energy alternately from the 
X-band transmitter through an r-f switch described in 
paragraph 47 e, a part of Switching Unit SA-8/MPN-1. 
The method of antenna scanning is the same for both 
antenna systems. 

b. Elevation Antenna Assembly AS-42/MPN-1. 
(1) The elevation antenna assembly comprises an Eleva- 
tion Array AS-43/MPN-1 and an Elevation Reflector 
AT-21/MPN.-1. The antenna array consists of a rectangu- 
lar section of X-band waveguide, 14 feet long, supporting 
a linear broadside array of 173 British-type slotted di- 
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poles. The dipoles are spaced 2.3 centimeters apart, pro- 
ducing a beam 0.4 degree wide in elevation. The develop- 
ment of the slotted dipole is explained under the search 
antenna array, chapter 2, section III. 

(2) The slotted dipoles are mounted along the wide side 
of the supporting waveguide with the center conductor 
extending into the guide as a pick-up probe. The inser- 
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ference maxima of radiation traveling along the guide, 
and thus changes the relative phase at which the dipoles 
are fed. The change in phase alters the effective direction 
of the radiated combined wave front or beam. 

(4) When the dipole spacing is exactly a half-wavelength, 
it is found that large standing waves appear in the guide 
because of the reflections from individual probes return- 
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Figure 107. T-R and R-T switching system. 


tion depth of the dipole probes is varied along the length 
of the array to produce a “gable” distribution of power. 
The penetration depth of the probes into the waveguide is 
increased in groups of 10 for the first 80 dipoles from the 
feed end in order to develop a substantially uniform in- 
crease of power radiated from successive dipoles. There- 
after the depth of insertion is maintained constant and 
the attenuation in the waveguide gives an approximately 
uniform decrease of power along the remainder of the 
array. This type of energy distribution is utilized in order 
to reduce side lobes to a minimum. To avoid end-fire 
effects, the feed to alternate dipoles is reversed so that 
the dipoles may be spaced approximately a half-wave- 
length apart. The small percentage of power not picked 
up by the probes and reaching the far end of the guide 
is dissipated by an attached load or absorber unit. This 
prevents formation of high standing waves due to reflec- 
tion. 

(3) The construction of the supporting waveguide section 
is not in a single section as was the search antenna array, 
but consists of two parallel members, one movable upon 
the other. Thus the internal dimensions of the waveguide 
may be varied (fig. 108). This variation in guide width 
alters the apparent wavelength, or distance between inter- 
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ing in phase with the input into the guide. The probe 
spacing is therefore made slightly greater than half the 
maximum wavelength in the guide. As a result, the wave 
front is never perpendicular, and the radiation beam 
angle does not puss through the normal to the array. The 
beam angle is tilted from the normal toward the load end 
of the antenna. 


(5) During the period in which the antenna is energized, 
the minimum width of the waveguide corresponds to a 
radiation beam position of 1 degree to the normal (fig. 
109a). As the wall of the waveguide is driven outward, 
the wavelength in the guide is shortened and radiation 
from any particular dipole now leaves at an earlier 
instant than before, relative to the preceding dipole. 
As the guide becomes progressively wider, the combined 
wave front of radiation is tilted at a progressively greater 
angle from the normal (fig. 109b). By oscillating the 
movable wall of the guide, the beam can be made to scan 
over a limited sector. This method of electrical scan is 
applied in the elevation antenna to give a scanning angle 
range of from 1 degree to 8 degrees on the side of the 
normal toward the load end of the array. 

(6) To prevent power leakage between the stationary 
waveguide section and the movable section, quarter-wave 
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(b) Seanner link assembly. 


Figure 108. Variable cross-section waveguide. 


slots are cut into both members, in such positions that 
at the junctions between sections an effective shorted 
half-wavelength stub prevents power losses (fig. 108a). 
(7) So ‘that the choke-terminated transmission line will 





se “2° “te 0 or oz? oy ad 


(a) Minimum guide width. 


always match the changing impedance of the variable 
width waveguide section, the early models of Radio Set 
AN/MPN-1 have a constant aperture transformer section 
terminating the waveguide (fig. 110). Pivoted at both 





(b) Maximum guide width. 
Figure 109. Elevation antenna scanning patterns. 
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ends, the outer end maintains a l-inch fixed opening, while 
the other end, attached to the movable section, varies with 
its back and forth motion. In its 6-inch length, this trans- 
former section provided a continually varying change in 
conductance characteristics of low order, and it was sup- 
posed to prevent any large and sudden discontinuities 
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of the supporting waveguide and insuring that all the 
energy radiated from the array will illuminate the re- 
flector (fig. 111). The wide face of the waveguide feed, 
along with the parasitic reflector, functions to direct the 
radiated energy into only the upper half of a parabolic 


cross-section reflector. Thus the lower section is not 
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Figure 110. Constant aperture waveguide termination. 


which would cause reflections. However, the section was 
found unnecessary, and was removed from later models. 


(8) The movable waveguide wall is supported and me- 


chanically driven by pairs of toggle arms driven longi- 


tudinally by a rigid linking bar (fig. 108b). The pivoted © 


end of the linking bar is driven in a reciprocal motion by 
a vertical arm connected to a four-to-one reduction 
eccentric and gear box mounted on the waveguide member. 
Driving force to the gear mechanism is applied through 


two universal joints and a drive shaft from an electric | 


motor. a part of the switching unit, which also drives a 
similar mechanism on the azimuth antenna as well as 
(9) The fraction of input power radiated by the antenna 
varies with the waveguide width, the average level of 
probe depth being so designed that about 5 percent of 
the input power emerges from the waveguide at the load 
end when the width is at its minimum point. This power 
is completely dissipated in a load or absorber unit, con- 
taining a mixture of graphite and sand, and equipped with 


, external heat-radiating fins. 


(10) The antenna array is placed along the vertical focal 
line of the elevation reflector. a cylindrical reflector of 
parabolic cross-section. The reflector is 14 feet long by 
2 feet 2 inches wide and reduces the beam width to 
approximately 3 degrees in azimuth. The dipole array is 
backed by a narrow parasitic reflector forming a part 
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needed and only a half parabolic cross-section reflector 
is used. Besides reducing the physical size of the reflector 
this type of beam direction minimizes the side lobe radia- 
tion on the side of the reflector towards the dipole array. 
(11) The antenna assembly is pivoted on its base for 
proper orientation of the antenna beam and it can be 
rotated through 20 degrees in azimuth by means of a 
mechanical follower system. The follower system for 
the elevation antenna is controlled by the azimuth tracker’s 


foot pedals. 
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(b) Minimum guide width. 


Figure 112. Azimuth antenna scanning patterns. 


c. Azimuth Antenna Assembly AS-40/MPN-1. 
(1) The azimuth antenna assembly is comprised of Azi- 
muth Antenna Array AS-41/MPN-1, and Azimuth Reflec- 
tor AT-20/MPN-1. This assembly is similar in design and 
construction to the elevation antenna assembly described 
in the foregoing subparagraph. In this antenna, the sup- 
porting waveguide member is 8 feet 6 inches long, with 
a linear broadside array mounted along its wide side 
consisting of 121 dipoles spaced 1.9 centimeters apart. 
The beam produced by this array is 0.6 degree wide in 
azimuth. 

(2) This spacing is slightly less than half the minimum 
wavelength in the guide so that the beam is tilted | degree 
from the normal toward the feed end when the rotating 
switch blades transfer the r-f energy to the elevation 
antenna (fig. 112a). As the guide wall is driven inward, 
the angle of tilt increases toward the feed end of the 
array to a maximum of 2] degrees from the normal 
(fig. 112b) at which point the r-f energy is again trans- 
ferred to the elevation antenna. 

(3) The probe depth variation is the same as in the 
case of the elevation array, however, the initial probe 
depth is greater since the same power has to be radiated 
from a smaller number of dipoles. The eccentric, which 
produces the motion of the waveguide wall, is made less 


symmetrical than the elevation antenna eccentric in order 
to transmit a greater lateral movement to the wall thereby 
achieving a larger scanning angle. The eccentrics driving 
the two antennas are set to operate 90 degrees out of phase 
with each other. 

(-4) The array is placed along the horizontal focal line 
of a cylindrical reflector of semiparabolic cross-section. 
The aperture of the parabolic cross-section is 3 feet 6 
inches wide and reduces the beam width to 1.5 degrees 
in elevation. The entire assembly is fixed horizontally 
on its base, but can be moved 5 degrees in elevation by 
the follower system controlled by the elevation tracker’s 


foot pedals. 


SECTION IV 
RECEIVING SYSTEM 
50. INTRODUCTION. The function of the precision 


receiving system is to amplify the received r-f echo sig- 
nals from the precision antennas, detect these signals and 
distribute the resulting video echo pulses to the various 
indic.cor tubes in the precision indicating system. Basic- 
ally the precision receiving system is the same as the search 
receiving system previously described in chapter 2, sec- 
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tion IV. The main difference between the two systems 
lies in the local oscillator and crystal detector and in the 
mixer stages which were designed to operate at the higher 
frequency of the precision system. As in the search sys- 
tem, two identical receiving systems are utilized, one 
being used in channel A and the other in channel B of 
Radio Set AN/MPN-1. A block diagram of the receiving 
system is shown in figure 113 and should be referred to 
during the following brief description of the precision 


‘receiving system. The precision receiving system is physi- 


cally divided into two units; the X-band heterodyne con- 
verter located in Radio Frequency Unit RF-6/MPN-1, and 
the Radar Receiver R-38/MPN-1. The X-band heterodyne 


converter consists of the X-band receiver local oscillator, 


the crystal detector and mixer, and two stages of r-f pre- 


amplification (fig. 95). The converter is mounted close 
to the associated transmitting magnetron to avoid the use 
of long lengths of r-f transmission line or waveguide with 
the resultant loss of power in the reflected echo. This 
assembly of receiver elements is duplicated in the radio 
frequency unit, one converter being used with the channel 
in operation and the other being maintained in a stand-by 
condition as part of the B channel. The r-f input to the 
heterodyne converter in operation is obtained from the 
T-R tube associated with that converter, and is mixed, 
detected, and amplified in the converter assembly. In 
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the form of i-f energy, the signal is applied to the input 
of Radar Receiver R-38. MPN-1] for conversion into video 
impulses. 

a. Lecal Oscillator. (1) The local oscillator tube 
V3 is a type 723A klystron, capable of producing low- 
power oscillations over a fairly wide frequency range 
in the X band. In this type of ultra-high-frequency gen- 
erator a single resonant cavity is used in the oscillating 
circuit and the velocity-modulated electron stream tra- 
verses the cavity twice by use of a repeller electrode or 
reflector. Changes in the physical spacing of the cavity 
grids varies the frequency of oscillations. An adjustment 
for varying the cavity grid spacing is provided on the tube. 
(2) The r-f energy is obtained from the oscillator by 
means of a coupling loop inserted into the cavity. A 
tiny concentric line forms the leadout from the coupling 
loop. The resonant cavity is maintained at the same posi- 
tive potential as the accelerating grid within the tube 
envelope. The cathode source of electrons within the 
tube is held at ground potential. The emitted electron 
stream must pass through the central aperture of the 
doughnut-shaped cavity. 

(3) The oscillating frequency of the local oscillator is a 
function of the reflector voltage, the cavity size and ac- 
celerating voltage being constant. The negative voltage 
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Figure 114. X-band preamplifier and heterodyne converter, 
schematic diagram. 
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applied to the reflector is derived from the automatic 
frequency control (AFC) circuit in the receiver proper. 
This type of electrical tuning keeps the local oscillator in 
operation at a frequency which, when beat against the 
reflected r-f signal, produces an intermediate frequency 
at 30 megacycles. 


b. Crystal Detector and Mixer. In the precision 
system, the transmitted frequency is so high that rather 
than attempt amplification of the reflected signal at the 
transmitted frequency it has been found necessary to con- 
vert the echo signal into an intermediate frequency of 
30) megacycles before amplification. Frequency conver- 
sion is accomplished by use of a crystal detector inserted 
across a mixer cavity in a direction parallel to the electric 
field. R-f energy from the local oscillator is fed into 
the mixer cavity by means of an exciting probe, and 
echo signals passing through the T-R switch from the 
antenna system are fed directly into the cavity from the 
T-R tube. The 30 megacycle output of the crystal mixer 
is applied directly to the input of the i-f preamplifier 
through a short length of coaxial cable. 

c. Preamplifier Unit. Before application to the re- 
ceiver, the i-f output of the crystal detector is applied to 
two stages of low gain amplification provided in the pre- 
amplifier unit. The amplified output is brought out at 
the coaxial fitting, plug 2, and is transmitted through a 
low-impedance coaxial cable to the input of the X-band 
receiver. Power for operating the local oscillator and 
preamplifier stages is supplied at power input plug 1 
through a five-conductor cable from the receiver. 

d. Precision Receiver. (1) Two Radar Receivers 

R-38/MPN-1 are used -in the X-band precision system. 
One receiver is used in actual operation while the other 
receiver is maintained for stand-by purposes. The re- 
ceivers are identical in all respects, and interchangeable 
with the search system receivers. To each receiver is 
applied the output from one of the heterodyne converter 
units in Radio Frequency Unit RF-6/MPN-1. The video 
output from either receiver may be applied to both pre- 
cision indicators through the channel switching relays 
mounted above the indicators. 
(2) The sensitivity-time-control (STC) circuit which is 
inoperative in the search receivers is used in the pre- 
cision receivers to vary the receiver gain with respect 
to the range of the echo signals. In this way, short range 
echo signals which are relatively strong receive less 
amplification than long range signals which are weak. 
Without this arrangement, the receiver gain would neces- 
sarily have-to be high enough to receive distant signals 
satisfactorily, and as a result strong signals from near-by 
ground objects would saturate the indicators and com- 
pletely obscure any near-by target signals. 
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91. LOCAL OSCILLATOR. 


a. General. The local oscillator tube used in the 
heterodyne converter is a special type of vacuum tube 
known as the reflex klystron. This tube is similar in 
operation to the klystron oscillator used in the search re- 
ceiving system. It is necessary to use a klystron type tube 
in order to generate the ultra-high frequency oscillations 
required for frequency conversion. An ordinary type 
vacuum tube is unsatisfactory at these frequencies. Power 
for the reflex klystron is obtained from the supply of the 
respective Radar Receiver R-38/MPN-1 through an inter- 


_connecting cable connected’ to power input plug 1 (fig. 


114). 
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Figure 115. X-band local oscillator, schematic diagram. 


b. Klystron Operation. The schematic circuit of 
the local oscillator tube V3, a type 723A Shepard-Pierce 
reflex klystron, is shown in figure 115. A stream of 
electrons emitted from the cathode is accelerated and 
focused by a grid maintained at a positive potential of 
from 200 to 300 volts. Electrically connected to this 
grid, at the same potential, is a resonant cavity whose 
physical dimensions permit the storage of energy in the 
form of electric and magnetic fields. The electron stream 
from the cathode passes through the cavity which func- 
tions as the tuned circuit of the oscillator.and “bunches” 
or modulates the flow of electrons. After passing through 
the cavity the electron stream is subjected to a negative 
or decelerating field created by a reflector anode, or 
repeller, which is located on the far side of the cavity 
and is maintained at a negative potential. As a result 
of this negative field, the bunched electrons are reversed 
in direction and travel back through the cavity. Thus 
the electron beam passes: through the cavity grids twice. 
The oscillations are produced as the result of the elec- 
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trons on the walls surging back and forth at the approxi- 
mate resonant frequency, of the cavity, or 9,000,000.000 
times a second (9,000 me). During these oscillations, the 
electrons on the walls of the cavity pile up first on one 
erid and then on the other, thus producing an electric 
field between the two grids of the cavity. This electric 
field alternately speeds up and slows down the beam of 
electrons as it) passes through the cavity grids. This 
action results in a grouping ot bunching of the electrons 
in the beam. If the reflected bunches of electrons from 
the repeller anode arrive at the cavity grids at the proper 
instant, the oscillations will be reinforced and continuous 
r-f oscillations will result. Whether or not the oscilla- 
tions are reinforced and maintained depends upon the 
tuning of the resonant cavity, the spacing between the 
cavily grids, and the voltage applied to the various elec- 
trodes of the tube. The reflector voltage determines the 


time taken for the bunches of electrons to be reflected back 


to the cavily grids where they give up their energy and 
support oscillations only if they arrive at the proper 
instants. . 

C. Tuning and Coupling. (1) Since oscillation de- 
_pends upon the combination of the velocity imparted to 
the electron stream and the energy storage character- 
istics of the cavity, factors controlling the frequency of 
oscillations are as follows: 

(a) Physical dimensions of the cavity and cavity grid 
spacing. 

(6) Positive voltage applied to the accelerating grid 
and cavity. 

(c) Negative voltage applied to the reflector. 

(2) A number of combinations of these three variables 
can produce oscillations, each combination being referred 
to as a mode of operation. However, one particular com- 
bination of the three variables will usually result in a 
mode which produces oscillations of maximum power 
output. In this circuit the cavity and grid voltage is main- 
tained at approximately 300 volts positive and the nega- 
tive reflector voltage is varied to produce the desired 
oscillation frequency. This electrical tuning provides a 
variable range of approximately 20 megacycles, the fre- 
guency varying at an approximate rate of 0.6 megacycles 
per volt of reflector voltage variation. Negative variations 
of reflector voltage increases the frequency of oscillation 
while a less negative voltage decreases the frequency. 
(3) The oscillation frequency is also dependent upon 
the spacing of the resonant cavity grids as well as on the 
voltages. Changes in the grid spacing vary the frequency. 
An adjustment for flexing the tube envelope and thereby 
varying the cavity grid spacing is provided for on the 
tube. This is a coarse adjustment only and should not 
be used unless the frequency is too far from the desired 
range to be brought back by voltage variation. 
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Figure 116. X-band crystal mixer. 


CAUTION: Extreme care should be exercised 
in making the foregoing adjustments. The metal 
parts of the tube are at 300 volts, with respect 
to ground, and 500 volts exist between the shell 
of the tube and the reflector cap. These voltages 
are sufficient to cause serious injury. Do not 
tighten the screw too tightly, as excessive strain 
may permanently distort the cavity dimensions 
thereby damaging the tube. 


(4) R-f energy is obtained from the oscillator by means 
of a coupling loop inserted into the cavity. A tiny con- 
centric line forms the leadout from the coupling loop. 
A probe, longer than the other pins, extends upward 
entirely through the tube socket in the pin 4 position, 
and projects into the section of the waveguide upon 
which the tube is mounted (fig. 117). This probe serves 
to feed theelocal oscillator energy into the mixer cavity 
containing the crystal detector. 


on — a? ~ 








TM 11-1543 


(5) A negative voltage derived from the automatic fre- 
quency-control (AFC) circuit in the receiver is applied 
to the reflector of the local oscillator tube. Variations 
in this voltage serve to vary the local oscillator frequency 
to make it always 30 megacycles higher than the X-band 
transmitter frequency; thus the intermediate ern) 
developed remains at 30 megacycles. 

d. Indications of Oscillation. When the klystron 
tube goes into oscillation, the crystal current, as indicated 
on a milliammeter plugged into J1, will rise sharply. 
This meter indicates the rectified current produced by 
the local oscillator output flowing through the crystal 
detector. The crystal current reading therefore is a 
convenient indication of whether or not the klystron is 
oscillating, and of its relative output. The normal cry- 
stal current reading should be between U.5 and 0.6 mil- 
liamperes. If the klystron should go out of oscillation 
it will be indicated by a sudden drop in crystal current. 
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52. CRYSTAL DETECTOR AND MIXER. 

a. General. The crystal mixer sectjon of the heter- 
odyne converter (fig. 116) functions as a mixer for the 
received echo signals and the output of the local oscil- 
lator, thereby producing a lower intermediate-frequency 
signal which can be more readily amplified to the desired 
level before detection. The frequency of the klystron 
local oscillator is adjusted to 30 megacycles above the 
frequency of the transmitting oscillator: and in the 
crystal mixer, the two frequencies are combined to pro- 
duce a difference in frequency of 30 megacycles. The 
crystal mixer contams a specially designed silicon cry- 
’ stal detector mounted in a mixer cavity as shown in the 
cross-sectional view of the mixer (fig. 117). The entire 
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unit is contained in a single mounting and is connected : 
to the waveguide on the receiver side of the T-R tube 
(fig. 113). 

b. Crystal Mixer Operation. The operation of the 
crystal mixer can best be explained by reference to 
figure 117. Echo signals passing through the T-R tube 
from the antennas are fed directly into the mixer cavity, 
while energy from the local oscillator is fed into the 
mixer by means of a short probe and a small adjustable 
restriction or channel. Since both signals are introduced 
into the mixer cavity, it may be considered as the mixer, 
although the actual mixing and detection are done in | 
the crystal. No tuning adjustments are incorporated for 
matching the crystal to the waveguide, the entire assembly 
being pretuned. Energies from the two sources, at fre- 
quencies 30 megacycles apart, are present in the wave- 
guide and are impressed upon the crystal. Here they are 
mixed, and as a result of the crystal rectifying action, 
appear in the crystal output lead (the cat’s whisker) as 
detected i-f oscillation. 


c. Mounting of Crystal. The silicon rectifying crys- 
tal is enclosed in a cartridge-type holder, into which is 


. inserted a tungsten “‘cat’s whisker” for making contact 


with the crystal. The cartridge is inserted across the 
mixer cavity in a direction parallel to the electric field. 
A threaded, knurled cap screws down over the crystal, 
1olding it in place. 

d. Crystal Mixer Coupling. Since the input echo 
signal is always weak, the coupling of the crystal mixer 
to the T-R tube is as tight as possible. On the other hand, 
since the output of the klystron is very much stronger, 
it is only loosely coupled to the crystal mixer; as a 
result of this looge coupling only a very small part of 
the echo signal is lost in the oscillator coupling. To 
prevent overload and damage to the crystal, the amount 
of energy from the local oscillator fed to the mixer 
chamber is adjustable. The energy from the local oscil- 
lator is injected into a separate chamber connected to 
the mixer cavity by a narrow passage. An adjustable set- 
screw is inserted into this passage and acts as a gate to 
control the amount of local oscillator energy fed through 
to the mixer chamber. Adjustment of the coupling may. 
be made by loosening the locknut and turning the slotted 
setscrew. 


e. Measurement of Crystal Current. A shorting- 
type jack J1 connects one side of the crystal output to 
ground through resistors R] and R2 and inductance LI, 
as shown in figure 114. Since capacitors C2 and C3 will 
bypass all r-f current to ground, a milliammeter plugged 
into J1 will indicate only the d-c crystal current. This 
current should be between 0.5 and 0.6 milliamperes for 
best operation of the crystal. It should not exceed 0.7 
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milliamperes. A cord and plug is available inside the 
door on the precision transmitter chassis and may be 
plugged into the crystal metering jack of either the A 
or B channel as required. This cord leads to the meter 
circuit of Control Box C-61/MPN-1] where the crystal 
current is read for both the search and precision systems. 


f. Care in Handling. The static discharge from an 
ungrounded piece of equipment or from the operator's 
person may burn out a crystal when it is being inserted 
in the mixer cavity. Avoid such discharges by holding 
the cartridge by the base and making electrical contact 
with the equipment through the hand before inserting 
the cartridge. Do not drop crystals nor subject them to 
heat or to strong r-f electrical fields generated by this 
equipment. 


CAUTION: The crystals used in this detecter 

are extremely sensitive and will be damaged if 

not treated: carefully. Any of the following 

actions may burn out the crystal: 

(1) Excessive local oscillator output. 

(2) T-R failure. . 

(3) Static discharge. 

(-4) Mechanical shock. 

(5) Strong magnetic fields resulting in induced 
currents in crystal leads. 


53. PREAMPLIFIER UNIT. 


a. General. Before application to the receiver, the i-f 
output of the crystal detector is applied to two stages 
of low gain single-tuned amplification provided in a 
preamplifier unit, a part of each heterodyne converter. 
In this way the signal is suficiently amplified before being 
fed through.a 72-ohm coaxial line to the receiver. 


b. Operation. (1) The operation of the precision 
system preamplifier unit is identical to that of the 
search system preamplifier with the exception of the 
input coupling circuit. The 30-megacycle i-f output of 


the crystal detector is applied across the self-resonant 


inductance, L] shown in figure 114. The signal input 
to the grid of V1 is developed across coil L2 which is 
tuned to resonance at 30 megacveles by the distributed 
capacity of the coil and the input capacity of V1. 
Coupling between LI and 12 is accomplished by a small 
coupling capacitor C1 connected between the two coils. 
Thus the signal is capacitively coupled-to the first tube 
of the precision preamplifier instead of inductively as 
in the search system preamplifier. 


(2) The remainder of the precision system preamplifier 
circuit is identical to the search svstem preamplifier cir- 
cuit whose theory of operation was described in chapter 2, 
section IV which should be referred to at this time. 
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34. RADAR RECEIVER R-38/MPN-1. 
a. General. Two Radar Receivers R-38/MPN-1 are 


used in the precision receiving system of Radio Set 
AN/MPN-1. One receiver is used in actual operation 
while the other receiver is maintained in a stand-by con- 
dition. The receivers are identical in every respect with 
the two receivers used in the search receiving system. 
However, the sensitivity-time-control (STC) circuit in- 
corporated in the receivers is only used in the precision 
or X-band system. The theory of the receiver unit was 
completely covered under the search receiving system 
(ch. 2, sec. IV) and will not be repeated in this section. 
The STC circuit however will be described in detail as it 
was not covered in the previous discussion. 


b. Sensitivity-time-control Circuit. (1) The sensi- 
tivity-time-control circuit shown in figure 118 functions 
to vary the gain of the receiver with respect to the range 
of the echo signals. Thus relatively strong short-range 
signals receive less amplification than the weaker long- 
range signals. Without this arrangement the receiver 
gain would necessarily have to be high enough to amplify 
the weak signals sufficiently and the resulting strong sig- 
nals from near-by ground objects would saturate the 
indicators and completely obscure any targets at close 
range. The near-by ground echoes do not seriously in- 
terfere with the operation of the search indicators due 
to the increased range of that system. Thus the STC 
circuit is used only in the precision receiving system. 


TO PLATES 8 SCREENS 
OF FIRST 2 I-F STAGES 





Figure 118. Sensitivity-time-control circuit, block diagram. 


(2) The STC circuit consists of two dual triodes, V15 
and V16 (6SN7-GT). and a cathode follower stage V14 
(6\V6-GT) as shown in figure 119. A positive trigger' 
pulse from the synchronizer is applied to the grid of 
\15(b) through the coupling capacitor C53. To prevent 
the negative portion of the trigger pulse from reaching 
this biased multivibrator. a limiter or clamp tube, V161b?. 
is connected across the grid input of VI5(b).: The clamp 
tube, connected as a diode with its plate grounded. pro- 
vides a shunt to ground for the negative overshoot of 
the trigger pulse applied to. its cathode. Thus any nega- 
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tive signal drives the cathode negative and permits con- 
duction, effectively bypassing the negative portion of the 
trigger and preventing it from affecting the grid of 


V15(b). 


(3) The grid of V15(a) is at a positive potential of 
220 volts, thus this section of the dual triode will con- 
duct heavily. Since the grid of V15(b) is connected to 
ground through R6l, this section of the dual triode will 
be cut off due to the large negative bias developed across 
the common cathode resistor P8 by the cathode current 
of V15(a). The positive trigger pulse, which occurs 
simultaneously with the transmitted main pulse, triggers 
the multivibrator, thereby producing a negative square 
wave at the plate of V15(b), its duration is determined 
by the time constant of C52 and R57. 


(4) This negative square wave output from the multivi- 
brator is applied through the coupling capacitor C51 
to the grid of V16(a) and is of sufficient amplitude to 
bias the tube beyond cutoff. With V16(a) cut off, 
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capacitor C50 will charge through the inductance L27 
and resistance P3, thereby producing a saw-tooth wave- 
form in the plate circuit. Potentiometer P3 varies the 
charging rate of C50 and hence the slope of the saw- 
tooth waveform, while L27 makes the charging curve of 
C50 linear with respect to time. 


(5) The saw-tooth waveform from the plate circuit of 
V16(a) is applied to the grid of cathode follower V14 
through the ON-OFF switch SW2 and the coupling capaci- 
tor C19. The positive going saw-tooth output of the 
cathode follower is the plate and screen supply voltage 
for the first two i-f amplifier tubes, V1 and V2, in the 
receiver. Thus the receiver gain will increase as the 
saw-tooth voltage increases, or as the range of the re- 
flected echoes increase. With the switch SW2 in the OFF 
position, the saw-tooth waveform will not be applied to 
the cathode follower grid and the STC circuit will be 
inoperative. 
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Figure 119. Sensitivity-time-control cireuit, 
schematic diagram. 
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(6) In addition to the saw-tooth voltage, a controllable 
amount of d-c voltage is applied to the grid of cathode 
follower V14 (fig. 119). The d-c voltage controls the 
receiver gain with the STC circuit disconnected, or the 
minimum gain with the STC circuit in operation. The 
d-c gain voltage is obtainable from two separate sources 
dependent on the position of the LOCAL-REMOTE gain 
switch, SW3. With this switch in the LOCAL position, 
the grid of V14 is connected to the slider of potentiometer 
P4 in the resistance chain R63, P44, and R62. The re- 


-sistor chain is connected between a positive 105 volts 


and a negative 105 volts, thus the grid bias of \1-4 and 
consequently the output voltage at the cathode can be 
varied over wide limits. Potentiometer P-+ is labeled 
GAIN and is mounted on the front panel of Radar Re- 
ceiver R-38/MPN.1. 


(7) With the LOCAL-REMOTE switch in the REMOTE 
position, the d-c gain voltage is supplied by a gain 
switching circuit in the synchronizer, in conjunction with 
the azimuth and elevation gain controls mounted on the 
azimuth and elevation director assemblies respectively. 


‘By means of the gain switching circuit, the gain of the 


receiver, when receiving azimuth signals and when re- 
ceiving elevation signals, can be separately controlled. 
The action of the gain switching circuit is described in 
the synchronizer theory section (ch. 3, sec. V). 
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c. Video Channel. (1) The video output of the pre- 
cision receiving system is further amplified by a video 
amplifier channel before being applied to the grids of 
the precision indicator cathode-ray tubes. This addi- 
tional video amplifier circuit is located on the svn- 
chronizer chassis and consists of three tubes. V22. V23. 
and V24. The schematic diagram of this circuit is 
shown in figure 120. 


(2) The amplified video pulses are brought into the 
svnchronizer from the precision receiver and applied to 
the cathode of V22 (GACT). a cathode injector. the com- 
pliment of a cathode follower. This stage is characterized 
hy a very low input impedance. large amplification. and 
The cathode follower 
stage, V23 and V24 in parallel, has a very high input 
impedance, a gain of slightly less than unity. and a low 
output impedance. The low input impedance of \22 pro- 
vides a satisfactory termination for the low impedance 


a very high output impedance. 


line from the receiver, and its high output impedance 
matches the. high input impedance of V23 and V2+4, 
operated as parallel triodes. The output of these tubes 
is taken across R87, their common cathode resistor. Thus 
their operation is that of a cathode follower with ex- 
tremely low impedance output for matching to the low 
impedance line to the indicators. 
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47,000 


R8! 
22,000 


PIO 
3000 


TL3SSTI 


Figure 120. Video amplifier circuit. 
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(3) The gain of the amplifier stage V22 is variable by 
adjustment of the grid bias potentiometer P10. This con- 
trol is a preset adjustment and is located on the top of 
the synchronizer chassis. 


SECTION V 


SYNCHRONIZER 
55. DESCRIPTION. The synchronizer unit provides 


the trigger pulses for both transmitter systems, the trig- 
ger for the S-band search central, the trigger for the 
sensitivity-time-control circuit and the X-band sweep 
amplifiers, the blanking and intensifying yoltages for the 
X-band receiver and indicators, and the range and angle 
calibrating marks for the X-band indicators. Also in- 
cluded in the unit is a part of the X-band receiver system 
composed of two stages of video amplification. 


a. Block Diagram of Unit. (1) The unit may be 
broken down functionally into the elementary block dia- 
gram shown in figure 121. The various parts of the 
circuit are separated according to the functions they 
perform. 


(2) A more complete block diagram is given in figure 
122. Here the individual stages of the unit are shown 
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with an indication of the type or purpose of each stage. 
The subparagraph which immediately follows gives a 
general description of each stage. Detailed explanations 
are to be given later in the section. 


b. Circuit Description. (1) The action of the syn- 
chronizer begins with a blocking oscillator operating at 
a recurrence frequency of 2,000 cycles per second (fig. 
122). The output of the blocking oscillator is amplified 
and sent out as a positive-going trigger pulse to the 


modulator where it is converted into a narrow high- 


voltage modulating pulse and is fed to the magnetron. 


(2) The pulse from the first blocking oscillator also 
operates a multivibrator, the output of which activates a 
Hartley oscillator of carefully determined frequency. 
This oscillator produces the range marks for the preci- 
sion system. The sine-wave output is converted into a 
series of pulses which are amplified and sharpened. The 
sharpened pulses trigger: a second blocking oscillator 
which produces range-mark pips at 2,900-foot intervals 
for’ application to the cathodes of the 2-mile indicators. 
These markers are also applied to a controlled blocking 
oscillator counting down at a four to one ratio to pro- 
vide range marks at 10,000-foot intervals for the 10-mile 
indicators. 
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Figure 121. Synchronizer SN-5/MPN-1, functional 
block diagram. 
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Figure $23. Synchronizer SN-5 MPN-L, schematic diagram. 
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(3) The sharp pulses fed to the blocking oscillator are 
also fed through an amplifier. These pulses, being in- 
verted (negative trigger), are applied to the X-band 
sweep amplifiers and S-band search centrals. 


(4) Voltages representing the direction of antenna feed 
are supplied to a separate section of the synchronizer from 
the commutator unit controlled by the antenna switch as- 
sembly. These voltages are amplified and shaped to 
square waves to blank the elevation indicator when the 
azimuth antenna is radiating, and vice versa. The same 
voltages are also applied to the sensitivity control to 
permit the operators’ remote controls to vary the gain 
of the X-band receiver, so that the single receiver can be 
adjusted to different sensitivities for azimuth and eleva- 
tion signals. 

(S) An angle-selector circuit is also included to intensify 
the sweeps at a given angle selected by the operator. A 
voltage from the angle coupling unit, which is propor- 
tional to the beam angle, is applied through a potentio- 
meter to the grid of a tube that controls the firing point 
of a neon bulb. The resulting pulse is fed through the 
mixer to the cathode of the indicator tube, being timed 
to intensify a single sweep at the desired angle on the 
tube face. Two identical circuits are provided, one for 
the azimuth indicator and one for the elevation indicator. 


(6) The detected output of the X-band receiver enters 
the synchronizer and is amplified by one stage of video 
amplification before it is applied to the grids of the four 
precision indicator tubes. 


(7) A part of the control circuit of each azimuth and 
elevation angle coupling unit is included in the syn- 
chronizer. By locating the controls in the synchronizer 
they are made accessible for any change necessary during 
operation. 


(8) Details of the circuits mentioned above are shown 
ir. figure 123. The circuits are completely described in 
the paragraphs that follow. 


56. TRIGGER CIRCUIT. 
a. Blocking Oscillator. (1) The master blocking 


oscillator and its associated amplifiers generate the pri- 
mary triggers which are applied to both radar systems. 
The positive trigger keys the modulator and is applied to 
the radar receiver to operate the sensitivity-time-control 
circuit. It is also available at a terminal of Junction Box 
J-30/MPN-1, located at the front of the trailer. The nega- 
tive trigger activates the gating multivibrator controlling 
the range mark circuit within the synchronizer, and, after 
passing through several stages for additional amplifica- 
tion and delay, is applied to the X-band sweep amplifiers 
and the search centrals to start the indicator sweeps. 
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(2) Figure 124 shows a circuit of the master blocking 
oscillator. The operation is conventional, using trans- 
former coupling between the plate and grid of V1l(a) to 
secure feedback. Blocking is obtained as plate current 
begins to increase and the voltage induced in the second: 
ary winding of Tl drives the grid of V1(a) positive, 
augmenting the increase in plate current. This action, is 
cumulative until plate current reaches saturation, where- 
upon the induced grid voltage falls to zero. This causes 
a rapid decrease in plate current, which in turn induces a 
voltage of the opposite polarity in the secondary winding, 
carrying the grid well below cutoff. During the rising 
plate current cycle, the grid is held at a positive voltage © 
and capacitor C2 is charged by the resulting flow of 
grid current which actually is a flow of electrons from 
the cathode to the positive grid. The charge developed 
across C2 is such that the grid side of the capacitor will 
be negative. Thus when V1 (a) is suddenly cut off by the 
voltage surge in the secondary winding of T1, the nega- 
tive charge on C2 will take effect and hold the grid well 
below cutoff. 
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Figure 124. Master blocking oscillator circuit. 


(3) C2 immediately begins to discharge through R3 and 
through the network composed of Rl and the upper part 
of P] in parallel with R2 and the lower part of Pl. The 
capacitor discharges, not toward zero but toward the value 
of voltage which exists at the sliding contact of P1 with 
no current flowing through R3. As C2 discharges the 
grid bias is removed from Vl(a) until the tube again 
conducts. At this point, the cycle is repeated and the tube 
again blocks. The repetition rate of the blocking oscil- 
lator is 2,000 cycles per second and the width of the 
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pulse output is approximately 10 microseconds. The 
repetition rate may be varied by changing the setting of 
the variable tap on potentiometer Pl. Figure 125 shows 
grid voltage and,output voltage waveforms of the block- 
ing oscillator. 
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Figure 125. Master blocking oscillator waveforms. 


(4) In order to increase the frequency stability of the 
oscillator, the grid of Vl(a) is returned to a point of 
positive potential instead of to ground. Reference to 
figure 126 indicates how this is accomplished. 





Figure 126. RC circuit discharge curves in 
blocking oscillator. 


(5) The line a b c (with its dotted line continuation) is 
the discharge curve of capacitor C2 when the grid is 
returned to a positive potential. The line a d c (with its 
continuation) indicates the discharge of C2 (through a 
smaller resistor so that point c is reached in the same 
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amount of time as before) when the grid is returned to 
ground. It is easily seen that the line a 6 c intersects the 
cut-off voltage of the tube at a sharper and more definite 
point than line a d c. Since this point of intersection is 
more definite, the period between pulses, and consequently 
the frequency of oscillatioh, is more stable when the grid 
is returned to a positive voltage. 


(6) Coupling to other circuits is secured by using a 
third winding on the same core of T1. The output from 
the oscillator is in the form of sharp pulses which are 
delivered to the grids of amplifiers V1{b) and V2. 


b. Trigger Amplifiers. (1) The tertiary winding 
delivers positive pulses to the grids of the amplifiers; 
they are biased below cutoff, thus only the sharp positive 
spikes of the pulses are amplified, and all transient 
oscillations about the reference axis are not transmitted. 


(2) Amplifier V1(b) produces a negative pulse and acts 
as a phase inverter, its output supplying a trigger to 
the range marker circuit in the synchronizer. The ampli- 
fier is of. conventional video design, using a low value 
of plate load resistance (2,200 ohms) to give a flat fre- 
quency response and to preserve the waveform. The 
variable resistance (P2) together with capacitor C54 con- 
stitutes a delay circuit which is variable and will advance 


or delay the beginning of the negative trigger to syn- 


chronize it with the positive trigger. 


(3) The positive trigger amplifier V2 (6V6-GT) has the 
same input voltage impressed on its grid as the negative 
trigger stage. The stages differ in that V2 uses a line 
matching transformer with the secondary connected so 
as to produce a positive trigger at terminal 8 of con- 
nector strip 7. This pulse is fed to the modulator cir- 
cuits, to the receiver STC circuits, and to the external 
IFF connection at Junction Box J-30/MPN-1. 


57. TWO-MILE RANGE MARKER CIRCUITS. 


a. General. (1) These circuits generate a series of 
very sharp and accurately spaced pulses. The pulses are 
synchronized with the sweep so that when these markers 
are impressed on the cathode of the 2-mile precision 
indicator tubes, they will produce bright spots along the 
sweep representing definite values of range. As the sweep 
scans the face of the tube in synchronism with the antenna 
scan these bright spots form lines of constant range. Due 
to the type of sweep used, these lines will be nearly 
straight, rather than curved as in a PPI display. Fhe 
reason for this will be understood when the sweep amoli- 
fiers are discussed. 


(2) The operation of the range marke: circuits (fig. 122) 
consists in setting a gating multivibrator into operation, 


TM 11-1543 


RI 
200,000 310 yur 
Pi OD BLOCKING 
30,0002" R3 OSCILLATOR 
56000 


Theory of Precision System 


Par. 57 


R12 
4700 







AMPLIFIER 
V2 
6V6 GT 


ass sah . 
TRIG 
INVERTER 
Vi (b) tee 
6SN7GT lOU, 


OOXuFS 


at TL 359866 
cae 
« 


Figure 127. Trigger amplifier circuits. 


thus producing a negative rectangular voltage gate. This 


removes a quenching circuit load from a fixed frequency | 


Hartley oscillator, the rectified output of which produces 
a series of negative half-sine waves. Such waves are 
applied to a peak generator. and to a cathode follower, 
and thence to a blocked oscillator. The extremely sharp 
spikes which characterize the output of the blocked oscil- 
lator are passed on to a cathode follower and to a video 
amplifier whose output is delivered to the cathode circuits 
of the 2-mile azimuth and elevation indicator tubes. 


b. Cating Multivibrator. (1) From the plate of 
Vib) (fig. 127) the negative pulse is applied through 
capacitor C8 to the erid of V3tal (fig. 1281. The two 
halves of V3.(6SN7-GT) form a multivibrator which is 
prevented from oscillating freely by a negative bias ap- 
plied to the grid of the second half. In the quiescent state. 
the following conditions exist: V3tar is conducting: 
V3tb) is biased bevond cutoff from the -102-volt supply. 


(2) The negative trigger from the preceding stage cuts 
off Vocab. permitting its plate voltage to rise froma very 


low value toward B+. This steep rise in voltage is ap-_ 


plied to the grid of V3tb) through C10 and R16; V3(b) 


thus conducts, dropping its plate voltage to a low value. 
This voltage swing is applied back to the grid of V3(a) 
through C9 and acts in the same direction as the original 
trigger. The length of time V3ta) is cut off is determined 
by the time interval required for C9 to discharge through 
R14 to the cut-off voltage of the tube. During the time 
that V3la) is cut off, V3tb) will continue to conduct, 
hecause the divider network composed of R16 and R17 
is now connected to’ near B+. rather than to a low or 
near-eround potential. as is the case when V3tab is con. 
ducting. Thus the bias will remain above cutoff for V3(b) 
and the output from the plate will be in the form of a 
negative rectangular-shaped gate. The small capacitor 
C10, paralleling R16. is used to preserve a reactance 
balance for the extremely high-frequency components 
present in the steeply rising wave front. It balances out 
the bypassing effect of the interelectrode capacity of 
V3ibo. If ClO is omitted, the wave front will tend to 
round off slightly due to loss of the higher frequency 


components. 


(3) The negative gate‘is slightly longer in time than that 
required for a 10-mile sweep, being approximately 120 
microseconds in duration. 
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Figure 128. Cating multivibrator cireuit. 


c. Switch Tube. (1) The negative rectangular gate 
from V3(b) (fig. 129) is applied to the grid of the 
switch tube V4(a), removing the short-circuiting effect 
from the tank circuit of V4(b) and permitting the latter 
to oscillate at a frequency corresponding in time to 
2,500-foot range marks. This is equivalent to a frequency 
of 196.6 kc. 
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(2) The grid of V4(a) is returned to a positive potential 
through R19, causing the tube to conduct heavily during 
the period of time from the end of one sweep to the 
beginning of the next (time between negative gates). This 
current flows thru Ll and L2 to ground. This is the 


equivalent of placing such a load on the resonant circuit 
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Figure 129. Ramge mark generater circuit. 


140 





TM 11-1543 


that the range marker oscillator V4(b) will not oscillate. 
The negative gate applied to the grid of V4(a) cuts the 
tube off and removes the loading effect allowing V4(b) 
to oscillate. 


d. Negative Trigger Amplifier, (1) The square 
wave voltage appearing at the plate of V4(a) is fed to 
the grid of V17(b) to be developed into the negative 
trigger voltage. This square wave is a positive gate of 
approximately 120 microseconds in width (fig. 130). 
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Figure 130. Negative trigger amplifier circuit. 
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(2) The positive gate is coupled to the grid of V17(b) 
through capacitor C52. This capacitor, in conjunction 
with the two resistors R110 and R115, constitutes a differ- 
entiating circuit. The primary characteristic of this cir- 
cuit is that its output is proportional to the rate of change 
of voltage at the input. Refer to paragraph 53 of. TM 
11-466. 


(3) The actipn of the differentiating circuit is to greatly 
sharpen the square positive gate obtained from V4(a). 
Tube V17(b) is kept beyond cutoff by the negative grid 
voltage applied from the voltage divider which consists of 
resistors R110 and R115. The sharp input pulse (posi- 
tive) drives the tube to saturation causing a negative 
pulse signal to appear at the plate. The-output of the 
stage is coupled to the negative trigger output terminal 
of the synchronizer through capacitor C5. 


(4) The time constant of the differentiating circuit in the 
grid circuit of V17(b) determines the width of the output 
pulse. The circuit constants used will give a negative 
pulse output of approximately 3 microseconds in width. 
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e. Range-marker Timing Oscillator. (1) The tank 
circuit of the Hartley oscillator consists of Ll and L2, 
C12 and C13, with Cl2 as a trimmer to vary the total 
capacitance for fine frequency adjustment. 


(2) While the resonant frequency of the oscillator deter- 
mines the spacing of range markers on the indicator tubes, 
two further conditions must be satisfied. The circuit must 
begin oscillating at the same instant that sweep is begun. 
Also, the oscillations must have the proper phase to place 
the first range marker at the correct position on the sweep 
trace. 


(3) Figure 131 shows how oscillations are begun. When 
the current thru V4(a) is cut off, the inductance of L2 
and L3 will tend to maintain a continued flow of current. 
This current now flows into C12 and C13, which results in 
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Figure 131. Waveforms, range marker circuit. 
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a voltage being built up on these capacitors, and with the 
phase relationship shown in the figure. A study of the 
circuits to follow will show how this results in producing 
range marks with the proper starting point. 


f. Clipper. The sine-wave output from V4(b) is 
taken off between the cathode of V4(b) and ground and 
is applied to the cathode of the diode-connected rectifier 
V5(a), producing a series of negative half-sine waves 
appearing across R22 and R25 (fig. 132). 


g. Peak Generator. (1) The negative half-sine waves 
developed across R22 are applied to the control grid of 
V6 (6AC7), an overcompensated video amplifier. Since 
the wave fronts of these sine waves are extremely steep 
near the zero axis, the plate current of V6 is abruptly cut 
off on the down swing of each wave, giving rise to a quite 
rapid positive excursion of plate voltage which appears 
across R24, the plate load resistor. 


(2) In order to’ steepen the slope of this rising voltage, 
) L3 is inserted in series with the plate load resistor. When 
the plate current is snapped off, the inductive voltage 
across L3 adds a sharp spike to the leading edge of the 
output voltage waveform. L3 can thus be used as a 
method of reintroducing high frequencies which have 
been lost due to the bypassing effects of tube inter- 
electrode capacitance. 
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h. Cathode Follower. (1) The spiked rectangular 
output of V6 is delivered to cathode follower V5(b) as 
shown in figure 132. The cathode follower fulfills the 
important function of counteracting the input capacitance 
of the following stage, thus reducing losses in the high- 
frequency components of the pulses. 


(2) The positive pulses across R27, the cathode load 
resistor of V5(b), are applied through C18 to the grid of 
V7(a). The trailing edge of the output waveshape will 
be more rounded than the signal applied to the grid of 
V5(b). This is caused by the charging of C18 and the 
circuit’s distributed capacitance through R27 and does 
not affect the operation of the subsequent circuit, as 
V7(a) is put into operation only by the spiked leading 
edge of the waveform. 


i. Blocked Oscillator. (1) The circuit of V7(a) 
forms a blocking oscillator circuit with external bias 
applied to the grid. This circuit differs from the master 
blocking oscillator in that it must be triggered, and it is 
termed a “blocked” oscillator to distinguish it from the 
free-running type. | 
(2) A bias voltage of approximately —11 volts is devel- 
oped by applying the —-102-volt supply across the divider 
network composed of R28 and R29. While this bias volt- 
age is not sufficient to hold the tube current completely 
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Figure 132. Two-mile range marker circuit. 
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cut off, it does reduce the transconductance of the tube 
by an amount sufficient to prevent oscillation. 


(3) The sharp positive peaks (developed by inductance 
L3 in the plate circuit of V6) are applied to the grid of 
the blocked oscillator V7(a) through capacitor C18. 
When triggered, the oscillator goes.through one cycle of 
operation and again becomes quiescent due to the grid 
bias. The time constant of capacitor C17 and resistor 
R30 is very short (approximately 0.5 microseconds) and 
does not hold the oscillator beyond cutoff for the entire 
time between triggering pulses. However, the purpose of 
the circuit is to prevent continuous triggering of the 
oscillator by the transients which occur directly after the 
pulsing of the oscillator. 


j. Cathode Follower. The positive pulse output from 
transformer T3 is delivered to the grid of the two follow- 
ing stages. To complete the 2-mile range marker circuit, 
the pulse is applied to the grid of V8(a) operating as a 
cathode follower. The output across R37, the cathode 
resister, is another positive pulse. For further amplifica- 
tion and mixing with other marker voltages, these range 
markers are fed to the cathode mixer circuit (par. 60). 


58. TEN-MILE RANGE MARKER CIRCUITS. 
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range markers similar to those on the 2-mile tube, with 
the exception that these markers are spaced at 10,000- 
foot intervals (approximately 2 miles) instead of 2,500- 
foot spacing. 


(2) The output of the final 2-mile blocked oscillator 
drives two amplifiers (fig. 122). One of these ampli- 
fiers in turn triggers a count-down blocked oscillator 
having a four-to-one reduction in frequency between 
input and output. A clamping tube is used for stabilizing 
the counting circuit. The output of the count-down 
blocked oscillator consists of sharp spikes having 10,000- 
foot range intervals. Through another cathode follower, 
these spikes are applied to the 10-mile elevation and 
azimuth indicator tube cathodes. 


b. Inverter. Positive pulses from V7(a) (fig. 132), 
a blocked oscillator, are applied to the grid of V7(b) 
which is biased past cutoff in order to eliminate transient 
oscillations in the plate output. Circuit elements R35 and 
C53 form an additional bias circuit which automatically 
keeps the output pulses at a nearly constant value for a 
large variation in input. The plate voltage output of 
V7(b) is in the form of extremely sharp negative voltage 
peaks. This output is used to drive V9(a), another 


a. General. (1) The 10-mile indicator tubes use blocked oscillator, which operates as a count-down circuit. 
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Figure 133. Ten-mile range marker circuit. 
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c. Count-down Oscillator. (1) The negative pulee 
output from V7(b) is applied to the plate of V9(a). 


Through inductive coupling, a positive voltage is induced 


in the secondary of pulse transformer T4 and applied to 
the grid. The input signal is fed to the plate circuit to 
assure triggering stability. 


(2) Blocking oscillator action begins with a sharp in- 


‘ crease in grid voltage and plate current, both of which 


rapidly reach a maximum. When the plate current 


‘reaches a maximum value, the grid is driven negative 


far beyond cutoff sincé the voltage across the grid winding 
of T4 is now zero and C26 has acquired a high negative 
voltage due to the flow. of grid current. From this most 
negative point, the grid begins to retyrn in a positive 
direction along the charging curve of the RC circuit, 
which consists of C26, P3, and R40, toward ground. 


d. Clamping Tube. (1): To prevent self-triggering 
of the oscillator, the grid of the tube is biased near cutoff 
by an external fixed voltage derived from the divider 


_ petwork of R38, R39, V8(b), P3, and'R40. This bias volt- 


age is applied to the grid of the blocked oscillator through 
the clamping tube V8(b) (fig. 133). 


(2) "The clamping tube will halt the discharge of capac- 


itor C26 toward ground by beginning to conduct when its 
| plate rises above its cathode potential of about -17 volts. 
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This value of voltage is determined by the voltage divider 
mentioned above. Capacitor C26 cannot be discharged 
through R40 and P3 to a value lower than this voltage; 
thus C26 and the grid of V9(a) refnain at the same poten- 
tial, which is substantially below cutoff for the tube, pre- 
venting it from operating as a free-running cecillator. 
The clamping tube. operates only during the time whea 
range marks are not being produced; that is, during the 
interval of approximately 380 microseconds between 
sweeps. At other times the RC circuit consisting of C26, 
R40, and P3 will keep the tube properly biased. The use 
of the clamping tube assures stability of operation in the 
count-down circuit. 


é. Operation of Count-dewn Circuit. pong 
134, which shows the count-down oscillates grid 
waveforms, @ represents the point where ae is 
driven above cutoff by a trigger and reinforced by feed- _ 


_ back from the plate circuit so that it is swung positive. 


When the plate current stops increasing, a negative volt- 
age applied from C26 forces the grid to b, whereupon 
€26 begins to follow its charging curve toward ground 
as illustrated. The slope of this charging curve is con- 
trolled by the time constant of C26 and the series network 
R40 and P3 to ground. During the time interval from 
b to f the tube is inoperative. Along the curve c, d, and ¢, 
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are the intermediate trigger pips, { being the fourth, 
which again trips the circuit and produces a four-to-one 
count-down ratio between point a and point f. Thus, the 
output derived from the tertiary winding of the pulse 
transformer will be a series of voltage pulses which recur 
at a rate of one for every fourth input pulse to the circuit. 
Variation of potentiometer P3 will change the count-down 
ratio so that every third or every fifth pulse will trigger 
the count-down oscillator. 

(2) If the capacitor voltage (grid voltage) were permit- 
ted to decrease beyond the cut-off voltage of the tube, two 
possibilities might change the count-down ratio. The 
first is that the third trigger voltage a might trigger the 
tube; the second is that the grid might reach the point of 
tube conduction before the fourth voltage pip appears. 
Therefore, the clamp tube operates to stop the charging 
curve when the grid has reached a certain bias, after 
which the following voltage pip can trigger it. If the 
input circuit fails, the oscillator will not operate as a 
free-running circuit, but will remain biased at cutoff in 
a quiescent state. . 

(3) This last condition is what actually takes place dur- 
ing the period when no range marks are being generated 
(time between sweeps). Tlie count-down oscillator is held 
on the verge of oscillation by clamping tube V8(b) so 
that it will be ready to trigger at the instant the sweep 
begins. 

f. Cathode Follower. A positive output pulse from 
the tertiary winding of transformer T4 is applied to 
V9(b), operating as a cathode follower. Since the 2-mile 
range mark pips are applied to transformer T4 they will 
also be applied as positive pips to the grid of V9 (b). 
The grid of this tube is returned to a negative voltage 
which biases the tube beyond cutoff sufficiently to prevent 
the 2-mile pips from causing the tube to conduct and 
producing any output. The bias voltage is controlled by 
potentiometer P12, which also controls the bias on the 
associated mixer, V14(b) (par. 60). The 10-mile range 
marker pips produced by the count-down blocking oscil- 
lator are of a much an amplitude and will cause 
V9(b) to conduct. Therefore only the 10-mile marker 
pips will pass through the cathode follower stage. The 
output of the cathode follower stage is impressed upon 
the grid of the mixer V9(b) through capacitor C39. 


59. ANGLE MARKER CIRCUITS. 

a. General. Two special types of electronically gen- 
erated marks are used on the precision indicators. One 
of these, the angle marker, is used chiefly for orientation 
of the equipment in angular relationship to the runway. 
The other, the identification marker, is obtained from 
the search system, and is used to indicate to the precision 
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operators which aircraft has been selected by the plane 
selector to make the next approach. Of these, only the 
angle markers are generated in the synchronizer. How- 
ever, both sets of signals are combined in the mixer 
circuit as described in paragraph 60. 


b. Use of Angle Marker. (1) In alignment, a corner 

reflector is placed at the far end of the runway and at the 
same distance from the center line as the radio set. Two 
electronic marks are available on the 2-mile azimuth in- 
dicator at the proper angle of scan, the transmitter signal 
at the vertex of the scanned area and the echo signal 
from the corner reflector. A line between these two points 
will be parallel to the runway. The angle marker itself 
is a brightening of one entire sweep on the indicator tube 
face (fig. 135). The angle at which the bright sweep 
appears can be chosen by the operator, as will be shown 
later. This same sweep is illuminated on both the 2-mile 
and the 10-mile azimuth scopes. As seen on the indicator 
tubes, the sweep is a straight line extending beyond the 
small runway indication, and is used as an indication of 
course direction. 
(2) Two identical angle marker circuits are provided, 
one serving the azimuth indicator and one serving the 
elevation indicators. The discussion in the paragraph 
above refers to the alignment of the azimuth indicator by 
use of the azimuth angle marker. A similar procedure is 
followed in alignment of the elevation indicator, except 
that in this case the marker is generated by the elevation 
angle marker circuit and is used for the purpose of 
approximating the ground line. | 


c. Circuit Details. (1) INPUT VOLTAGE. Since 
a certain angle in the scanning sector must be chosen to 
produce the angle marker, it is evident that this brilliance 
modulation of one sweep must be a function of the desired 
angle voltage. The angle coupling unit (par. 71) gener- 
ates a potential, rising and falling in amplitude corre- 
sponding to the beam angle of its associated antenna. 
The variation of this voltage is comparatively slow, hav- 
ing a frequency of about 2 cycles per second (4 sweeps) 
at maximum scanning speed. These voltage variations, 
besides being applied to tubes V10 and V12 in the syn- 
chronizer (the azimuth angle coupling unit supplying 
V10 and the elevation unit supplying V12) are also 
directed to the sweep amplifiers to control the precision 
weeps. 


(2) PULSER CIRCUITS. The pulser circuit consists 
of V10 shunted by a small neon bulb NE] (fig. 136). 
The power is supplied to V10 through the plate dropping 
resistor R48, and the bias is controlled by cathode bias 
resistor P4, the potentiometer which is the operator’s 
angle mark selector control. 
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Figure 135. Appearance of angle markers on azimuth 
indicator tubes. 


(a) In its normal state, V10 is conducting. As the 
grid goes more negative, due to angle voltage, the plate 
potential rises until NE] reaches its critical voltage and 
fires. During conduction the voltage drop across such 
a gas tube is about 60 or 70 volts, so that a sudden sharp 
reduction of voltage is produced at point TP7. 


(6) Circuit elements, capacitor C27 and resistor R53, 
constitute a differentiating circuit (par. 53, TM 11-466). 
A sudden sharp reduction of voltage (large rate of change) 
across the neon tube when it fires causes a short negative 
pulse to be developed across resistor R53. This negative 
pulse is due to the differentiating action of the RC circuit. 


(c) The waveforms shown in figure 137 illustrate the 
circuit action described above. Curve A represents the 
applied grid excitation obtained from the angle coupling 
unit; curve B is the plate voltage and would have the 
same form as that-of curve A (indicated by the dotted 
line) if the neon tube were omitted. As grid voltage drops 
the plate voltage rises and finally reaches some value 
(indicated by the point i) at which the neon tube fires. 
The plate voltage then drops to a constant value (j) and 
remains-there as long as the neon bulb continues to con- 
duct. The bulb maintains conduction until the internal 
impedance of the vacuum tube is low enough (due to 
decreasing grid bias) to drop the plate voltage below the 
extinguishing point. This is represented by point k, a 
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point at which the neon bulb de-ionizes. Curve C shows 
the output of the differentiating circuit delivered as a 
trigger to the grid of the start-stop multivibrator V11. 


(d) Potentiometer P4 varies the time of firing of the 
neon bulb by varying the cathode bias on V10. If P4 is 
varied so as to raise the voltage on the cathode of V10, 
a higher input voltage is necessary on the grid of the 
pentode to cause the neon bulb to fire. This variation 
causes a shifting of the trigger pips back and forth along 
the angle coupling voltage and thus varies the angular 
position of the marker that appears on the screens of the 
cathode-ray tubes. 


(3) START-STOP MULTIVIBRATOR. As the neon 
tube fires, the negative pulse output from the differentiat- 
ing circuit (curve C, fig. 137) triggers a biased multi-. 
vibrator made up of the two sections of tube V11. This 
circuit is the start-stop type of multivibrator, the opera- 
tion of which has been previously explained (par. 57). 


(a) The firing point of a neon bulb is somewhat in- 
definite and its impulse to the biased multivibrator is 
not synchronized with the main sweep trigger. Hence 
the gate may brighten the end of one sweep and the 
beginning portion of the next. The intensifying gate, 


_ therefore, must be longer than the sweep time. The length 


of the gate used here is about!1,000 microseconds, which 
includes the sweep tirie and blanked return trace for 
approximately two cycles of operation. The time width 
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Figure 136. Azimuth angle marker circuit. 


of the intensifying gate is controlled by two circuit ele- 
ments of the multivibrator, capacitor C28 and resistor R53. 


(6) The output of the multivibrator, a positive inten- 
sifying gate, is obtained from P5, a potentiometer in the 
cathode circuit of Vll(a). Potentiometer PS gives the 
operator control over the degree of amplitude of the 
intensifying voltage and thus varies the brilliance of the 
angle marker on the cathode-ray tube. This positive gate 
is applied to the grid of V15, a tube in the cathode mixer 
circuit (par. 60). 


(c) Another characteristic of the angle marker is that 
it appears only once in each cycle of scan of the antenna; 
electrically it occurs while the angle voltage is traveling 
in a negative direction. At the maximum rate of four 
scans per second or two complete cycles, the brightened 
trace of the scope is renewed just twice a second. The 
long persistency of the screen however keeps the angle 


mark brilliant. 


60. MIXERS FOR INDICATOR SIGNALS. 


a. General. All range markers and angle markers 
generated in the synchronizer, as well as the identification 
marker obtained from the search central, are fed to the 
cathodes of the indicator tubes. In order to combine 
these signals and to feed them to the proper indicator 
tubes, the cathode mixer circuits are used. 


b. Signal Distribution. The function of the mixer 
circuits is to distribute the cathode signals to the proper 
indicator tubes. The circuits for mixing and distributing 
these signals are shown in figure 138. The signals are 
distributed as follows: 


Indicator Signals 





2,900-foot range markers. 
Azimuth angle marker. 
10,000-foot range markers. 
Azimuth angle marker. 
Identification marker. 
2,500-foot range markers 
(ratio test only). 
2,900-foot range markers. 
Elevation angle marker. . 
10,000-foot range markers. 
Elevation angle marker. 
Identification marker. 
2,500-foot range markers 
(ratio test only). 


2-mile azimuth 


10-mile azimuth 


2-mile elevation 


10-mile elevation 





c. Circuit Details. (1) Angle marker voltages are 
injected into all cathode circuits, the azimuth marker 
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Figure 137. Voltage waveforms in angle marker cireuit. 


thru V15, and the elevation marker thru V16. Tube V15 
feeds both the 2-mile and 10-mile azimuth scopes while 
tube V16 feeds the elevation scopes. The plate voltage 
supply for these two tubes is not located in the syn- 
chronizer but is obtained from the cathode bias voltage 
supply for the associated indicator tubes. 


(2) Tube V14 feeds the required -signals to the 10-mile 
indicator tube on both the azimuth and elevation indi- 
cators. The 10,000-foot range markers. are fed to the 
grid of V14(b) while the identification marker is fed to 
the grid of V14(a). The plates of the two sections of 
V14 are connected together and the signals to both sec- 
tions are combined and fed to both 10-mile indicator 
tubes. By closing switch SW1 (fig. 138) the 2,500-foot 
range markers may also be impressed on the grid of 
V14(b). This switch is closed during the count-down 
ratio test (par. 63, TM 11-1343). This test determines 
whether the 2,500-foot range markers and the 10,000-foot 
range markers exist in the proper ratio and that the count- 
down blocked oscillator is functioning properly. Variable 
bias voltages for the two sections of V14 are furnished 
from the two potentiometers P11 and P12.: Variation of 
these potentiometers will change the intensity of the 
markers feeding to the cathodes of the 10-mile indicator 
tubes. These controls are located on the front panel of 
the synchronizer, P11 labeled STROBE BRILLIANCE 


and P12 labeled 10 MILE RANGE MARK BRILL. 


(3) The 2,500-fodt range markers are introduced into 
the 2-mile cathode circuits (azimuth and elevation) 
through V17(a). Potentiometer P13 varies the gain on 
this stage and controls the brilliance of the range markers 
on the 2-mile tube. It is labeled 2 MILE RANGE MARK 
BRILL. 
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(4) The manner in which the tubes are coupled and the 
signals mixed assures that signals will not be reflected 
back into circuits in which they should not appear. The 
mixing is all.done prior to the signals leaving the syn- 
chronizer chassis, thereby requiring only a single lead 
to each scope cathode. 


61. AZIMUTH-ELEVATION COMMUTATOR 
CIRCUIT. 

a. Function. Discussion of the precision transmitter 
system (ch. 3, sec. II) points out that the r-f output is 
alternately switched from one antenna to the other. The 
commutator unit (par. 72) is arranged so that each of 
two photocells produces a positive-going rectangular 
voltage output during the time that its associated antenna 
is energized. These two voltages are fed to the azimuth- 
elevation commutator circuit in the synchronizer. This 
circuit has two functions. First, it switches the precision 
display from one indicator to the other (blanks out one 
and intensifies the other) at the same time that the pre- 
cision antennas are switched. Secondly, it changes the 
gain of the precision receiver to compensate for differ- 
ences in gain of the azimuth and elevation antennas and 
indicators. 

b. Indicator Switching Circuit. (1) Positive volt- 

ages are alternately supplied to the azimuth and elevation 
intensifying circuits in the synchronizer. These voltages 
are developed in the photoelectric commutator of the 
switching unit. When the azimuth antenna is radiating, 
one photocell operates and its positive voltage output is 
fed to the grid of V19 (fig. 139). The amplified negative 
output from its plate is again inverted and amplified 
through V21(b). The circuit operates below ground 
potential, so that the plate output of V21(b), directly 
coupled to the grids of the azimuth scopes, biases them 
alternately at cutoff when the azimuth antenna is radiat- 
ing, and well. below cutoff when the antenna is not 
energized. 
(2) When the elevation antenna is in use, the positive- 
going voltage to the elevation intensifying circuit is fed 
to the grid of V18. The resulting negative-going plate 
voltage is applied to the grid of V21(a). The. positive- 
going plate voltage output is applied to remove the bias 
(below cutoff) from the grids of the elevation scope, thus 
permitting the video pulses to intensify the electron beam 
and produce a display on the indicator tube. 

c. Receiver Gain Control. (1) Owing to the con- 
struction and radiation characteristics of the precision 
antennas, there may be a difference in gain of the received 
echoes during alternate periods of operation. Since the 
reflected pulses are developed into video signals through 
the same heterodyne converter and receiver, the gain of 
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Figure 138. Cathode mixer circuits. 


the receiver is changed to correspo.d to the periods of 
alternate operation of the antennas, thus enabling the 
operators to adjust each receiving system and associated 
indicator independently to the most satisfactary echo bril- 
liance level. 

(2) Since the azimuth and elevation sections of the gain 
control circuit are identical, the discussion to fullow 
‘may be applied to either section simply by changing 
circuit element numbers. 


(3) Tube V18 (fig. 139) supplies elevation indicator 
grid bias and azimuth receiver gain control voltages. 
Besides the conduction through the tube. an alternate 
current path is provided from ground through R65 to the 
azimuth gain potentiometer and then through R67 and 
P8 to -210 volts. The current travels through the entire 


gain potentiometer resistance element, and the variable 
tap picks off a certain portion of the voltage developed. 
This voltage is applied through R68 tothe grid of V20(a), 
the output of that stage being the receiver gain control 
voltage. 


(4) When the input voltage to the grid of V18 from the 
elevation commutator unit is positive. the plate voltage 
of the tube is at a low value. The grid of V2) (a), being 
coupled directly to the plate of V18. is also at a low 
potential and the output is positive causing the elevation 
indicator to present its display. However, since the plate 


- of VI8 is at a low potential the voltage existing at the 


variable tap of the gain potentiometer is also at a low 
value, cutting off V201a). Consequently the setting of 
this potentiometer has ne effect upon the gain of the 
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receiver when the elevation indicator is presenting its 
display and must therefore control the receiver gain when 
the azimuth antenna is radiating (azimuth gain control). 


if g (5S) When V18 is cut off by the elevation blanking volt- 


age, it offers an extremely high impedance to current flow. 

| _ The voltage existing at the plate of-V18 is therefore high 
and the current flows through the alternate path offered 

|: bby the ‘rectstaace ‘aetwork: ‘The voltage: at the variable 

tap of the gain potentiometer rises and permits V20(a) 

to conduct. The plate voltage of V20(a) drops an amount 

proportional to the amount of grid rise, and may now be 

| 

| 

| 


o4 


controlled by the potentiometer setting. This plate volt- 
age is fed to V14 in the receiver STC circuit (par. 54) 
through the remote gain terminal (1-7) on the receiver. 
This voltage serves as a bias for V14 (in the radar re- 
ceiver) which is a cathode follower whose output is 
applied to the plates and screens of the first two i-f stages. 


(6) Tube V19 operates in the same manner as V18. 
When the azimuth blanking signal to its grid cuts off the 
tube (and blanks out the azimuth indicator), its plate 
voltage rises and in turn raises the voltage at the variable 
_ tap of the elevation gain potentiometer. This potential 
in turn regulates the level of conduction of V20(b) whose 
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plate voltage now controls the gain of the receiver, 
V20(a) being cut off. 

(7) As‘the azimuth and elevation commutator units 
cause V18 and V19 to conduct alternately, the voltages at 
the variable taps of the two gain potentiometers alter- 
nately control conduction in tube V20 and thus alternately 
control the gain of the receiver. These steps of voltage 
vary the receiver gain up or down a maximum of eight 
times a second (rapid scanning rate) to correspond to 
the period of activity of each antenna. 


the synchronizer chassis is the video amplifier circuit 
which is used to connect the receiving system with the 
indicating system. This circuit utilizes a pentode as a 
cathode-injector type of amplifier and two tetrodes in 
parallel (cathode followers) used as impedance match- 
ing devices to the indicator tubes. Since this circuit has 
no connection with the synchronizer circuit itself, but is 
really a part of the receiving system, it is discussed in 
that section (par. 54). 

63. ANGLE COUPLING UNIT BIAS CIRCUIT. 


Since it is diffcult to gain access to the angle coupling 
units during operation, the bias-control circuits for these 
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units are located on ‘the synchronizer. Two bias-control 
circuits are provided, one serving the azimuth coupling 
unit and the other the elevation coupling unit. These two 
bias controls are located on the front panel of the syn- 
chronizer and are labeled ELEVATION ANGLE BIAS 
and AZIMUTH ANGLE BIAS. For an analysis of the 
circuit and its use with connecting circuits refer to the 
discussion of the angle coupling unit (par. 71). 


SECTION VI 
INDICATING SYSTEM 


64. INTRODUCTION. The precision indicating sys- 
tem of Radio Set AN/MPN-1 provides the means of dis- 
playing the target information picked up by the r-f sys- 
tem and processed by the receiving system. Four 7-inch 
cathode-ray tubes are utilized to present the information 
in such a manner that the exact location of an approach- 
ing aircraft can be determined in both height and azimuth. 
By means of this display, the variations of the aircraft 
from a predetermined glidepath are indicated and can 
be used to coach the pilot, by radio link, in making a 
successful blind landing. 


a. Location of Components. The precision indi- 
cating system (fig. 140) consists of two indicator units, 


Elevation Indicator ID-37/MPN-1 and Azimuth Indicator 


ID-36/MPN-1, two director assemblies, Elevation Director 
Assembly MX-33/MPN-1 and Azimuth Director Assembly 
MX-32/MPN-1, four Sweep Amplifier AM-15/MPN-1 
units, two Aural Signal Unit O-8/MPN-1’s, and Approach 
Indicator ID-38/MPN-1. These indicator components are 
located in the first three bays of Indicator Rack MT-118/- 
MPN-1 (fig. 91). The sweep amplifiers and the aural 
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signal unit are duplicated in the system, providing a 
stand-by channel for emergency use. Under normal oper- 
ating conditions, one channel is maintained in an operat- 
ing state while the other channel is held in a stand-by con- 
dition. In the event of failure of the operating channel, 
the stand-by channel may be switched into the circuit and 
operations continued without affecting the efficiency of 
the set. 


b. Expanded Partial Plan Position Indicator. 
(1) The PPI type display, used with the search section 
of Radio Set AN/MPN-1, is not entirely suitable as a 
means of display in the precision system since only a 
comparatively small sector of the total area about the 
radar set, 20 degrees in azimuth and 7 degrees in eleva- 
tion, is important in the landing operations. The PPI 
display could be modified to continually sweep through 
only the 20-degree operating sector, and through the 
7-degree sector in elevation, thereby providing continuous 
information as to the azimuth and elevation of the ap- 
proaching aircraft. However, if this type of presentation 
were used, the small areas covered by the indicator sweep 
would not result in a large enough picture to permit ac- 
curate observations to be made as to the airplane’s posi- 


tion. It is evident that any attempt to expand the picture 


by increasing the angular sweep on the tube face would 
result in a distorted picture. For example, by increasing 
the angular sweep, a 20-degree antenna scan could be 
enlarged to 270 degrees on the display screen. However, 
with this type of expansion, straight lines would no longer 
exist as such on the CRT. 


(2) To avoid this distortion, an expanded partial plan 
position indicator (EPI) display is used. This system 
makes use of the “picture on rubber” principle, expand- 


(b) 


Figure 141. “Picture on rubber” type of linear expansion. 


152 


sete ANS —— ee 


TM 11-1548 





Figure 142. Loeation of Radio Set AN/MPN-1. 


ing on one axis only. Referring to figure 141, suppose 
the lines M, N, and O were drawn on a thin rubber sheet 
and then this sheet was stretched or magnified in a 
direction at right angles to M so that M remains fixed as 
a reference line. It is apparent that: 

(a) Straight lines remain as straight lines. 

(5) Parallel lines remain parallel. 

(c) The slope of any straight line will be hanged 
unless the line is parallel or perpendicular to the direc- 
tion in which magnification or expansion occurs. 

(d) The magnification of the scale is different for 
different directions, varying from zero in a direction 





Figure 143. Horizontal expansion of azimuth EPI. 
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parallel to M (center of amplification) to a factor “N” 
(degree of stretching) in a direction perpendicular to the 


center of amplification line. 


(e) Distance wil] remain equal on lines having the 
same slope on the CRT. 
(3) It is evident from the foregoing discussion that if 
the lines M and N were runway boundaries, the azimuth 
information would be presented on a magnified scale. 
This expansion can be accomplished electrically by am- 
plifying the X or horizontal sweep voltage before applica- 
tion to the deflection coil. 


(4) In order to minimize flying hazards and to give a 
maximum coverage of the approach area, the operating 
trailer is located with respect to the runway as shown on 
the display scope (fig. 142). If the horizontal deflecting 
voltage is now amplified three times while the vertical 
deflecting voltage is held constant, the picture will be 
expanded perpendicular to the —5 degree line (fig. 143). 
This picture corresponds to (b) of figure 141, and results 
in an azimuth scale enlarged three times. Since the 
—5 degree line is the center of amplification, al] range 
marks will be perpendicular to it. 


(S) Tracking the approaching aircraft would be more 
convenient if the range marks were perpendicular to the 
runway center line. The runway center line must be 
parallel: to the center of amplification if this is to be 
true. By gradually shortening the fixed vertical sweep 
as the angular sweep moves away from line M, the range 
marker lines can be tilted until they are perpendicular to 
the center line of the runway. This conversion can best 
be explained by reference to the diagram of figure 144. 
With no horizontal deflection component, the sweep trace 





Figure 144. EPI presentation with inversely variable 
vertical sweep component. 
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Figure 145. Corrected EPI azimuth display. 


will be in position 1 and the range marker pulse will 
appear at point a. As the horizontal component increases, 
the sweep trace will be shifted to position 2, and since the 
vertical component has now decreased a distance a-b’, 
the range marker will appear at point 6. With the sweep 
trace in position 3 and the vertical component decreased 
by a distance a-c’, the range marker will appear at point 
c, and so on. Since adjacent sweep traces are spaced 
much closer together than is shown in figure 144, the 


series of range markers will appear as a solid line whose 
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angular position can be varied about the point a as the 
vertical component is decreased.. In this manner the 
range marker lines may be made perpendicular to the 
runway center line. 


(6) The corrected EPI display as used in the precision 
indicating system is shown in figure 145. The physical 
position of the tube is rotated through a small angle 
making the runway center line vertical so that the opera- 
tor views the runway as a pilot would see it when making 
an approach, i.e., sighting down line C. 


(7) The same reasoning applies to the elevation pre- 
sentation. The ground line is the center of amplification 
and the degree of expansion is increased so that the 7 


degrees coverage (1 degree below and 6 degrees above the 
ground) occupies a 60-degree angle on the tube face. 


65. SWEEP AMPLIFIER (fig. 146). The two top 
compartments of bays 1 and 3 of the indicator rack house 
the precision elevation and azimuth sweep amplifier com- 
ponents, channels A and B (fig. 91). With one channel 
in use, the other can be held in reserve for- immediate 
operation in the event that an operating component fails. 
Two sweep amplifier components are used simultaneously, 
one supplying sweep and intensifying voltages for the 
azimuth indicator, the other supplying similar voltages 
to the elevation indicator. Each component must supply 
10-mile and 2-mile range sweeps to its associated indi- 
cator deflection coils as well as an intensifying voltage 
to the indicator anodes. The sweep amplifier components 
are identical and can be interchanged easily with only 
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Figure 146. Sweep Amplifier AM-15/MPN-1, front view. 
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minor screwdriver and knob alignment adjustments. A 
schematic diagram of the sweep amplifier is shown in 
figure 150. In order to produce indicator sweeps which 
scan in synchronism with the antenna beams, the sweep 
currents are modulated by the angle voltages derived from 
the angle coupling unit (refer to par. 71). The amplifiers 
generate voltages which develop a combination of mag- 
netic fields in the deflecting yokes of the CRT, varying 
in. direction and strength to produce the desired indi- 
cator sweeps for the EPI presentation. The form of 
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Figure 147. Deflection produced by equal saw-tooth 
currents in coils at right angles. 


voltage required to produce the straight-line sweep across 
the indicator tube is one which will develop a saw-tooth 
variation of the current through the horizontal deflecting 
coils of the CRT. Initiated by a negative trigger from 
the synchronizer, the linear saw-tooth current variation 
in the horizontal deflection coils produces a resultant 
magnetic field which forces the electron beam sideways, 
producing a straight-line horizontal sweep across the 
tube face. If a second set of coils at right angles to the 
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first set is also fed with a saw-tooth current wave at the 
same time, the resulting trace will be a straight line at an 
angle from the horizontal. The angle of the resultant 
trace will be determined by the relative magnitude of the 
two magnetic fields (fig. 147). Since the sweep must scan 
in synchronism with the antenna beam angle, the ampli- 
tude of the vertical saw-tooth wave must be variable to 
produce this scan. This is accomplished by modulating 
the vertical timebase components by means of a syn- 
chronizing voltage developed in the angle coupling unit. 
If the voltage introduced from the angle coupling unit 
varies from zero to maximum, the amplitudes of succes- 
sive vertical deflecting current saw-tooth pulses likewise 
vary. To minimize distortion in the presentation, a small 
portion of the angle signal is inverted and fed to the 
horizontal deflecting system to make the horizontal sweep 
shorter as the angle increases. The sweep amplifier 
chassis provides sweeps for both 2-mile and 10-mile 
cathode-ray tubes. Owing to the differences in range, 
several minor variations in circuit design are required. 


a. Two-Mile Sweep Generator. The block diagram 
of the 2-mile sweep generator circuit in the sweep ampli- 
fier is shown in figure 148. This circuit is composed of 
three separate channels; the variable-sweep generator 
channel, the fixed-sweep generator channel, and the in- 
tensifying channel. The function of the three channels 
is to generate the EPI timebase, to synchronize the time- 
base scan, and to intensify the forward sweep. 


(1) INTENSIFYING CHANNEL. 
(a) The negative trigger pulse from the synchronizer 
unit cy multivibrator V1, a 6SN7-GT duo-triode. 
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Figure 148. Two-mile sweep generator, block diagram. 
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With no trigger pulse applied to the multivibrator, V1 (a) high impedance output of the amplifier stage and the 
conducts heavily while V1(b) is cut off by the negative relatively low input impedance of the interconnecting 
bias voltage applied to its grid. With the application of cable to the indicator unit. 


the negative-going trigger pulse to the grid of V1(a), (2) VARIABLE-SWEEP GENERATOR CHANNEL. 
this section of the tube is momentarily cut off and its 


plate voltage rises suddenly to the supply potential. The (a) The positive-going equate ‘weve: st the grid of 
sudden positive surge is applied to the grid of V1(b) V1(b) is applied to the grid of V2, the square wave 
through capacitor C2 (fig. 149) causing V1(b) to con- modulator tube (fig. 151). The square wave has a dura- 
duct. The multivibrator remains in this state, with V1] (a) tion of approximately 40 microseconds which actually 
cut off and V1(b) conducting, until the negative charge on represents more than 2 miles on the sale aod ate The 
C4 has leaked off sufficiently through R4 and P1 to allow —- Utput of V2, a 6SJ7-GT pentode, consists of a series of 
V1(b) to again conduct and the multivibrator returns to negative-going square waves whose amplitude is deter- 
its original condition. In this manner a negative-going mined by the plate voltage applied to V2. The square 
square wave is developed in the plate circuit of V1(b) wave modulator is operated as a constant current pentode 
whose duration is dependent on the time constant of C4, with a steady positive voltage of higher value than the 
R4, and P1, and is therefore controlled by the setting of maximum plate voltage, applied to the screen. Normally, 
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Figure 149. Two-mile gating multivibrator and 
intensifying circuit. 


(6) The negative-going square wave at the plate of angle signal input from the angle coupling unit. How- 
-V1(b) is applied through capacitor C9 to the grid of ever, switching from one channel to the other may affect 
amplifier tube V11(b). The square wave amplitude is the baseline position on the indicator tubes. Thus the 
sufficient to cut off V11(b), thereby producing a positive- baseline adjustment control, P13, is provided to set the 
going flat-top square wave in the output. The amplifier minimum plate potential or baseline from which the 
square wave is applied through cathode follower V12, square wave will start. Adjustment of P13 moves the 
a 6V6-GT beam tetrode, to the first anode of the 2-mile baseline to its correct position on the indicator tube. The 
cathode-ray tube and serves to brighten the timebase angle signal voltage supplied across P2 and R9 varies 
trace during the forward sweep.. The cathode follower from 2 volts to a maximum of 52 volts positive. A large 
functions as an impedance matching device between the part of the voltage is tapped off of P2 to supply the plate 
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Figure 150. Sweep Amplifier AM-15/MPN-1, 
schematic diagram. 
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Figure 151. Two-mile variable sweep generator, 
: simplified schematic diagra 


of the modulator tube. P2 provides the operator with a 
means of adjusting the gain of the stage and thus the 
amplitude of the variable-sweep component, and is known 


as the 2-MILE EXPANSION control. 


(6) The amplitude of the negative-going square wave 
output varies from zero to approximately .30 volts and is 
applied to the following stage V3. V3, a 6SN7-GT duo- 

triode with its two sections connected in parallel, func- 
tions as an amplifier to provide a degree of amplification 
to the square wave before its application to the cathode 


follower tubes, V4 and V5. The cathode load of the | 


parallel~.onnected cathode followers consists of the 2-mile 
CRT deflection coil in parallel with L2, P4, and R21. The 
positive-going square wave applied to the grids of V4 and 
VS will cause them to conduct heavily; however, the 
current in the circuit will not build up instantly, due to 


the inductance of the deflection coil, but will rise gradu- | 


ally, thereby producing an approximately linear time- 
base sweep. The alternative current path consisting of 
L2, P4, and R21 is returned to the —102-volt supply at 
the input to the chassis ahead of LC filter. Choke L2 
presents a high impedance to the timebase waveform 
while providing a comparatively low impedance path to 
de from the —102-volt supply through R21, P4, L2. and the 


ma. 


deflection coil to ground. By means of R21 and P4, the dc 
through the deflection coil can be varied, thereby, pro- 
viding a means of centering the timebase. R21 is a 
preset control and P4 a variable potentiometer labeled 
2-MILE CENTERING (vertical) on the front panel. 


(3) FIXED-SWEEP GENERATOR CHANNEL. 

(a) The fixed-sweep generator channel (fig. 152) con- 
sists of Vl1(a), V6, V7, V9, V10, and their associated 
circuits. This channel is similar to the variable-sweep 
channel discussed in the preceding paragraph with a few 
exceptions. Since this channel provides the fixed-sweep 
component, the timebase waveforms should be of constant 
amplitude. However, as will be observed in aligning the 
scope picture, holding the sweep component absolutely 
constant causes distortion of the over-all picture and 
range lines do not appear perpendicular to the runway 
center line (par. 64). For this reason a portion of the 
angle voltage must be inverted and applied as a modulat- 
ing voltage to the timebase square wave. VIl(a) func- 
tions as an inverter tube for the angle signal voltage and 
a portion of its output, taken across R24 and P6, is 
applied as the plate potential of the square wave modu- 


| lator, V6. Control PS, in the grid circuit of the inverter 
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Figure 152. Two-mile fixed sweep generator, 
simplified schematic diagram. 


tube, controls the amount of angle signal voltage applied 
to the fixed-sweep component and thus controls the angle 
of the range markers. P5 is labeled 2-MILE RANGE 
MARK TILT and is located on the front panel of the 
sweep amplifier. Potentiometer P6, in the output of 
V11(a), regulates the plate voltage applied ‘to the square 
wave modulator tube and thus controls the amplitude of 
the variable-sweep component. P6 is labeled 2-MILE 
TIME BASE AMP and is located on the front panel. 


(6) The remainder of the fixed-sweep channel func- 
tions the same as the variable-sweep channel; however, 
as the timebase square waves increase in amplitude in 


‘the variable-sweep channel, the fixed-sweep timebase 


component gradually decreases by a comparatively small 
amount. It should be noted that the voltage waveforms 
producing the saw-toothed current variations in the deflec- 
tion coils are not the theoretical. desired tfapezoidal pat- 
terns. In this case however, the timebase of the 2-mile 
sweep is so short that a square wave of voltage is entirely 
satisfactory to produce a linear sweep. In fact, the wave- 
form actually developed for application to the deflection 
cathode followers is slightly trapezoidal in the reverse 
sense due to the charging of the coupling capacitors C6 
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and C12. This causes the 2-mile timebase to deviate 
slightly from the desired linear sweep; however, the 
deviation is not serious enough to cause inaccuracies in 
operation. . 


b. Ten-Mile Sweep Generator. The 10-mile sweep 
circvits are similar to the 2-mile sweep circuits already 
described, with the exception of several modifications re- 
quired in view of the longer sweep time of approximately 
100 microseconds. Thus the coupling between stages must 
be augmented by the use of clamp circuits to reduce the 
inaccuracies in the timebase sweep caused by the inter- 
stage coupling. The block diagram of the 10-mile sweep 
generator is shown in figure 153. This-circuit is composed 
of three channels whose functions are identical with the 
functions of the 2-mile. circuit channels. 


(1) INTENSIFYING CHANNEL. 

(a) Besides triggering the 2-mile multivibrator, the 
negative-going trigger pulse from the synchronizer trig- 
gers the 10-mile multivibrator V13, a 6SN7-GT duo-triode. 
V13 .is identical in mode of operation to V1 used in the 
2-mile generator circuit. However, in order to produce 
the longer voltage gate required for the 10-mile sweep, 
larger capacitors, C16 and C18 were used. P7, the 10- 
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MILE GATE WIDTH control, permits adjustment of the 
grid time constant of V13(a), thus controlling the width 
of the square wave gate. 

(6) The negative-going square wave at the plate of 
V13(b) is amplified by V24(b) and is applied to the 
first anode of the 10-mile CRT through cathode follower 
_V25. The operation of V24(b) and V25 in the intensify- 
ing channel is identical, except for circuit constants, with 
the operation of V11(b) and V12 in the 2-mile intensify- 
ing channel. 

(2) VARIABLE-SWEEP GENERATOR CHANNEL. 

(a) Operation of the variable-sweep generator channel 
begins with the square wave modulator V14, identical in 
operation with V2 of the 2-mile sweep circuit with the 
exception of the baseline adjustment control, P13, which 
was omitted in the 10-mile circuit. The plate voltage 
output of V14, a variable-amplitude rectangular pulse, 
is coupled to the amplifier stage V15. In this amplifier 
stage the usual grid resistor, such as R10 in the cor- 
responding 2-mile circuit, cannot be used since the coup- 
ling capacitor C19 would charge through the grid resistor 
during the gate interval, thereby causing the square wave 
to slope off at its trailing edge. Increasing the value of 
the grid resistor would reduce the charging rate of C19, 
resulting in a more nearly square waveform at the grid 
of V15. However, with the high grid resistance, the 
capacitor would not have time to discharge sufficiently 
in the comparatively short time interval between gate 
pulses. Thus over a period of time, the average charge 
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on this capacitor would increase sufficiently to disturb 
the base level of the sweeps and shift the position of the 
trace. Using a larger capacitor for coupling would in- 
crease the modulator loading and further complicate 
the discharge problem. It is therefore necessary to apply 
two clamping tubes to the grid input circuit whose func- 
tion is to maintain an accurate grid bias level between 
sweeps, preventing the accumulation of excess charges on 
C19. 

(6) Between gate pulses, V8(b) and V21(b) are per- 
mitted to conduct as diodes, since V21(b) is diode con- 
nected and at this time the grid of V8(b) is driven positive. 
The plate of V8(b) is connected to —102-volt potential 
(fig. 154) and its cathode is connected to the grid input 
of V15. Therefore, any tendency for the grid of V15 te 
drop below the biasing point of —102 volts will permit 
V8(b) to conduct, and the grid will return to the desired 
potential. The action of V21(b) is similar. Its plate and 
grid, however, are tied to the grid input of V15 and its 
cathode is connected directly to -102 volts. Any tendency 
of the grid input system to rise above the desired bias 
permits conduction through V21(b) as its plate voltage 
rises above that of the cathode. The conduction of V21(b) 


thus removes any excess charge from C19 which would 


. otherwise disturb the grid bias of V15. Since at the time 


of the sweep, a negative rectangular wave is applied to 
the grid of V15, the plate of V21(b) will be driven nega- 
tive with respect to its cathode and the tube will not 
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Figure 1S3. Ten-mile sweep generator, bleck diagram. ® 
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conduct. V8(b) is eliminated from the circuit at this 
time by the application to its grid of a rectangular nega- 
tive voltage. frum the gating multivibrator, sufficient to 
bias it past cutoff and prevent current flow through it. 
Therefore. the grid input of V15 may be considered to be 
of infinite impedance during the sweep time. At the end 
of the sweep, V8(b) is again permitted to conduct and 
its combined action with that of V21(b) again eliminates 
overshooting and removes residual charge on C19. _ 

(c) A single cathode follower V17, a type 807 tube, 
is used in the 10-mile circuit of the variahle-sweep chan- 
nel, since instantaneous current requirements are smaller 
than the 2-mile sweep. Several factors combine to require 
the application of beyond cut-off bias to the grid of V17 
between sweeps. The bias.is applied hy Vl6(a) whose 
plate is connected to the grid input and whose cathode is 
connected to —210 volts. As in the case of V8(a), a nega- 
tive gate applied to the grid of V16(a) removes the tube 
from the circuit during the sweep period. Between sweeps 
the tube may conduct freely and biases the grid of V17 
to -210 volts (fig. 155).- 


(dq) V16(a) operates between sweeps to apply a large 
- bias to the grid of V17 which is low enough to keep the 


tube below cutoff, despite any oscillations which might 
be set up in the deflection coil. Note that direct coupling 


is used between the plate of V15 and the grid of V17 to 
’ provide a d-c path from grid to cathode of V17. The 


grid bias of V17 is established by the plate potential of 
V15 because of the direct connection. Note that the vari- 
able sweep. which is the output of V17. must vary between 


zero and a maximum. making the grid bias on V17 quite . 


critical. When the. angle signal voltage is zero, so is the 
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output from sweep amplifier V15. Since clamp tube 
V16(a) is now cut off by the negative square wave from 
the multivibrator, its plate voltage becomes positive to 
a value determined by the series network R52, R53, V15, 


- and R54, between the 300 and -102-volt supplies. This 


increasingly positive voltage must not excced the cut-off 


‘bias of V17, for if the grid of V17 is permitted to rise 


above cutoff and a false variable sweep component is per- 
mitted to reach the deflecting coils, the sweep angle will 
he distorted from its correct value. The value of resistor 
R54, which provides cathode bias for V15. is 1.500 ohms, 
which is sufficient to bring the grid of V17 hack to the 
cut-off point when V16(a) disconnects it from the -210- 
volt supply. The combined action of the clamp tube and 
the resistance network assures that the amplitude of the 
rectangular pulses delivered to the deflection coils by V17 
is proportional to the angle voltage. 

(e) For sweep positioning on the indicator face, the 
beam power tube V18 is used. rather than the inductance- 


- resistance combination satisfactory for the 2-mile posi- 


tioning circuit. Owing to the longer sweep length and the 
larger percentage of low-frequency components, a much 
larger choke would he required to act as a constant- 
current device during sweep time. V18 operated as a 
constant-current tube fulfills both the function of blocking 
the peak sweep currents from the parallel circuit used in 
positioning, and in providing a conveniently variable 
resistance to regulate the constant value of de through 
the deflecting coils. The screen grid is returned through 
R66 to the 300-volt supply, and the plate is connected 
directly to the cathode circuit of V17. Current flow 
through V18 is determined by the value of bias applied 
to its grid through a divider network comprising R62, 
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Figure 154. Ten-mile variable sweep generator 
clamping cirenit. : 
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Figure 155. Ten-mile variable sweep cathode follower, 


clamping, and sweep-positioning circuit. 


P9 (the 10-MILE CENTERING CONTROL), and R63 
connected between the —102 and —210 volt sources (fig. 
155). The cathode of V18 is returned to the unfiltered 
~102-volt supply at its input to the chassis, since it draws 
too much current for the filtering chokes. P9 thus serves 
as the operator’s sweep-positioning control for the vari- 
able component. 

(3) FIXED-SWEEP GENERATOR CHANNEL (fig. 
156). 

(a) The circuit connections to the gating multivibrator, 
the intensifying circuit, and the primary square wave 
_ fixed sweep circuit in the 10-mile sweep generator are the 
same as in the 2-mile. V24(a), which inverts and applies a 
portion of the angle signal to the square wave modulator 
operates the same as V11(a) in the 2-mile fixed circuit. 
The grid system of V20, the fixed sweep amplifier, is 
clamped in the same way as V15, already discussed ‘in 
the preceding paragraph, except that it does not use the 
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lower clamping diode but utilizes the flow of grid current 
to accomplish the same purpose. This is permissible since 
no cathode bias resistor is used, a condition made possible 
because the bias on cathode follower stage V22 is not 
extremely critical. 

(6) V8(a) clamps the grid of V20 to prevent its reach- 
ing a lower value than —102 volts between sweeps. This 
is due to the fact that, as in the case of the 2-mile fixed 
sweep circuit, the plate voltage of the square wave modu- 
lator has a large steady component, in addition to the 
varying angle voltage component. Cathode follower V22 
(807) is grid clamped by V16(b), the same as with the 
variable circuit of V17 and V16(a). As explained previ- 
ously, V23, the constant-current positioning tube, and V18 
are identical in operation. 

c. Power Requirements. Two Rectifier Power Units 
PP-22/MPN-1 are included in Radio Set AN/MPN-1, 


163 


al 


oS ee a, 


— a ee ee ee Oe oe ete 
= 


_- 


—n =. 





| 
. 


Pars. 65-66 





+300 
RTI 
25K 
INVERTER SQ. WAVE 
MODULATOR 
via b 
ANGLE SIGNAL Sr 
INPUT 
Ey 4) 
10- MILE 
4,700 
RANGE MARK 2 ne orl Piles 
TILT l0OK 
TIME BASE 
AMPLIFIER A 
POSITIVE 
= GATE FROM 
VI3(b) GRID 


Service Manual 


TM 11-1543 


+300 














R5i 
20K 
} AMPLIFIER 
51Oupf v20 TO GRID 
* >) 
cramping °Ve-ST OF v22 
TRIODE 
5) 
0.01 uf 
7, ae -102 
FROM PLATE 
OF VI3(b) TLBSOR! 


Figure 156. Ten-mile fixed sweep generator circuit, 
simplified schematic diagram. 


located in bays 2 and 3 of the indicator rack. Channel A 
power supply is located in bay 2 and channel B power 
supply is located in bay 3. These units supply a regu- 
lated 300-volt power output rated at 450 ma to the eleva- 
tion and azimuth sweep amplifiers, elevation and azimuth 
indicators, and synchronizer. Power Unit PP-24 supplies 
the 500-volt supply, and Power Unit PP-25 supplies the 
-210 and —102-volt supply to the sweep amplifier. Refer 
to chapter 4, section II. 


66. PRECISION INDICATORS. Two precision in- 
dicators are used with Radio, Set AN/MPN-1, Elevation 
{ndictaor ID-37/MPN-1 and Azimuth Indicator 1D-36/- 
MPN-1, located in bays 1 and 3, respectively, of Indicator 
Rack MT-118/MPN-1 (fig. 91). Each indicator is capable 
of measuring short time periods, of the order of a few 
microseconds, and of displaying this information visually 
in order to locate a target in space. 

a. Elevation Indicator ID-37/MPN-1. The eleva- 
tion indicator comprises two 7-inch cathode-ray tubes 
used as a 2-mile and 10-mile EPI presentation. The two 
tubes are mounted at an angle of 45 degrees from the 
horizontal (fig. 158), and the operator views the CRT 
screens on a horizontal, semitransparent mirror. Asso- 
ciated with each tube is a servo cursor, operated in con- 
junction with the azimuth antenna follower assembly, 
which serves to insure the proper alignment of the azi- 
muth antenna in elevation. The two display scopes pro- 
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vide a vertical picture of the approaching aircraft (fig. 
159); the left-hand scope covering a range up to 10 miles 
and the right-hand scope covering a range of 2 miles. By 
means of these elevation scopes and the elevation director 
assembly cursors, the variation in height from a prede- 
termined glidepath can be determined for an approaching 
aircraft. 
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Figure 157. Indicator tube elements. 
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Figure 158. Elevation Indicator ID-37/MPN-1, front 
oblique view. 
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Par. 66 
(1) CIRCUIT ANALYSIS (fig. 160). 


(a) The two type 7BP7 cathode-ray tubes in the eleva- 
tion indicator (fig. 157) are of the magnetically focused 
and deflected type, the coils being positioned about the 
necks of the tubes. Focusing coils L3 and L1, used with 
the 10-mile and 2-mile tubes, respectively, are supplied 
from a 300-volt source through the variable resistors P3 
and PG. These two FOCUS controls regulate the current 
in the coils, thereby providing a means of sharply focus- 
ing the electron beam. The 4,000-volt accelerating voltage 
from Rectifier Power Unit PP-23/MPN-1 is applied to a 
conducting layer of graphite, coated about the inner side 
of the bulb portion of the tube, which acts as a second 
anode. This anode provides a high accelerating potential 
for the electron stream and a return path for the electrons 
reaching the face of the tube. 


(6) The intensity-modulated angle blanking pulse from 


_ the synchronizer is of long duration and therefore, is fed 


directly to the grids of the indicator tubes through resis- 
tors RI and R4 (fig. 161). The blanking pulses supply 
two levels of grid bias, one at cutoff and the other con- 


" siderably below cutoff. ‘The video pulses originating from 


the receiver and amplified in the synchronizer are fed to 
the grids through P1, Cl, and P4, C4, for the two tubes, 
and are prevented from feeding back into the intensifica- 
tion circuits by the blocking filters formed by RI. C2. in 
the 10-mile circuit and by R4. C5, in the 2-mile circuit. 


The intensifying pulses from the switching units are pre- 


vented from feeding into the video circuits by the com- 
paratively low impedance to ground through Cl and C4. 
The video lead to the elevation indicator is paralleled with 
the video lead to the azimuth indicator by means of a 
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common connection, inter-rack wire No. 814, from con- 
nector strip AB2, terminal 3, in the elevation indicator. 
The RC coupling network permits the required pulse 
distribution to the grids without feedback difficulties 


between the indicators. 


(c) The indicator tube cathodes are coupled directly 
to the plates of the respective mixer tubes in the syn- 
chronizer, and mixer plate voltages and- CRT cathode 
voltages are supplied from the 300-volt line through R2. 
P2, and R3 for the 10-mile tube, and through R5, P5. and 
RO for the 2-mile tube. The potentiometers, labeled 
BRILLIANCE and located above the semitransparent 
mirror, vary the cathode voltages of the CRT’s thereby 
controlling the over-all brilliance of the timehase trace. 


(d) The vertical and horizontal deflecting coils for 
the cathode-ray tubes are contained in a single yoke 
mounted about the necks of the tubes. Fach yoke, L4 for 
the 10-mile tube and L2 for the 2-mile tube. consists of 
four coils, connected as. shown in figure 100. Two of the 
coils provide the vertical timebase component while the 
other two coils provide the horizontal component. 


(e) Above the large sloping elevation indicator panel 
is a smaller vertical panel housing the three relays used 
for changing channels of operation. In the A channel 
position the relays are de-cnergized. With the channel 
switch in the B position. the relays are energized by a 
117-volt a-c source. Voltages from either channel A or 
channel Bare applied to the indicator tube elements 
through the action of the three relays (fig. 100). The 
following CRT connections are switched between channels 
A and B by the SPDT contacts in the three relays of the 
indicator units, 


FUNCTIONS OF CHANNEL SWITCHING RELAYS 








Relay Contact Function Origin 
l ] Angle brilliance pulse to grids of scopes. Synchronizer 
l Video pulses to grids of scopes. Synchronizer 
2 l 2-mile vertical deflection component. Elevation sweep amplifier 
2 2 2-mile horizontal deflection component. Elevation! sweep amplifier 
2 3 2-mile range marks to CRT cathode. Synchronizer 
2 4 10-mile range marks to CRT cathode. Synchronizer 
3 ] 10-mile vertical deflection component. Elevation sweep amplifier 
3 2 10-mile horizontal deflection component. Elevation sweep amplifier 
3 3 2-mile intensifying pulse to first anode. Elevation sweep amplifier 
3 4 10-mile intensifying pulse to first anode. Elevation sweep amplifier 
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Figure 160. Elevation Indicator 1D-37/MPN-1, 


schematic diagram. 
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Rl 100,000 6 20% 
R2 47,000 2 10% 
RS 22,000 4 20% 
R4 100.000 he 20% 
RS 30,000 § 10% 
R6 22,000 \% 20% 
P) 2.000 2 10% 
P2 25,000 3 10% 
PS 25.660 3 10% 
P4: 2.000 2 10% 
PS 28,600 b | 10% 
Pé 25,000 3 10% 
*Cl 01 mf 600 20 
C2 001 mf 500 20 
*C38 01 mf 600 20 
*C4 01 mf 600 20 
C5 .001 mf 500 20 
*Cé6 01 mf 600 A 
Li Ceo 6201 
L2 Bae 3339-2 
LS Ceo 6201 
L4 Boe 3339-10 
iu 78-1P 
SK2 78-1P 
Ss SKS 7@-1P 
; ne sK4 78-1P 
Poa dl | 
| a : PLI ANS102-18-16P 
— PL2 K.-8703826 
, PLS K-870826 
r 3 PIA PF 8-7 
ty | PLS PF &-7 
| | PLS 360. 
i. ae. PL7 560 
. | PLS 360 
ae PLS 360 
ij | RY1 2 Pole ’ 4387 
ig RY2 4Pole —-2138G 
RAYS 4 Pole 2128G 
| LM1 55 
: LM2 5S 
Tl 18-3427 
CAaTi TBP? 


CRT2 7BP7 


Note: 
! *1200 V—.01 mf—10% Capacitors may also be 
i used for Cl, C3, CA, C6. : Ps 
: **2500 V—.001 mf—10% Capacitors may also be 
' used for C2 and CS. 
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Figure 161. Video section of elevation indicator. 


(2) MECHANICAL OPERATION. Mounted over each 
tube face in the elevation indicator is a servo cursor which 
is controlled by the foot-pedal servo system and is pivoted 
about the vertex of the scanned area. A transparent an- 
gular area on each cursor represénts the width and direc- 
tion in elevation of the azimuth antenna beam. As a 
result, as long as the elevation tracker operates the foot 
pedals to keep the écho signal within the transparent area, 
the azimuth antenna is properly positioned in elevation 
to scan the target. The antenna positioning system is 
fully explained in section VII of this chapter. 


(3) POWER REQUIREMENTS. One of two 4,000-volt _ 


rectifier units supplies the high accelerating voltages to 
the indicator tubes through the high-voltage cable from 


plug 1. Power may be supplied from either of the 4,000- 
volt power units through a high-voltage, vacuum-type 


relay mounted in Relay Assembly R-3/MPN-1. Trans- 


former Tl supplies filament power to the parallel fila- 


ments of both indicator tubes. Refer to chapter 4, section. 


II, for a detailed discussion of the power supply. 

6b. Azimuth Indicator ID-36/MPN-1. The azimuth 
indicator (fig. 162) is similar in construction and opera- 
tion to the elevation indicator previously described. The 
two display scopes in the azimuth indicator provide a 
plan view of the approach to the runway, the right-hand 
scope covering a range of 10 miles and the left-hand scope 
covering a range of 2 miles (fig. 163). By means of the 


' azimuth scopes and the azimuth director assembly cur- 
sors, the variation of the approaching aircraft to the right 
or left of a predetermined glidepath can be indicated. 


(1) CIRCUIT ANALYSIS (fig. 164). 


(a) The only essential differences between the azimuth 
and elevation indicators are in the connections to relay 1 
and the orientation of the deflecting coils about the neck 
of the display tubes. In the azimuth indicator, the second 
set of contacts of relay 1 serve to switch the 300-volt 
supply to the two indicators between the channel A and 
channel B power supplies. The video signal input to the 
azimuth indicator is paralleled with the video line in the 
elevation indicators, and switching between channels is 
accomplished by relay 1 in the elevation indicator. 

(b) The yoke bearing the azimuth deflecting coils is 
rotated through 90 degrees with respect to the elevation 


coils so that the operator will have the same view of the. . | 


runway on tlie scope as the pilot has of the actual runway. 
With this orientation, the origin or vertex of the EPI 
presentation is at tlie top of the apparent picture, with 
the timebase scanning downwards. 

(2) MECHANICAL OPERATION. Mounted over each 
tube face in the azimuth indicator is a servo cursor simi- 
lar to the cursors used with the elevation indicator. The 
azimuth cursors are controlled by the foci-pedal servo — 
system and are pivoted about the vertex of the scanned 
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Figure 162. Azimuth Indicator ID-36/MPN-1, front 
oblique view. 
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Figure 163. Azimuth precision display. 
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GA CONTRO. SWITCH ILLUMINATION ELEVATION TRACKING HANDWHEEL 
Figure 16S. Elevation Director MX-33/MPN-1, frout view. 
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area. A transparent angular area on each cursor repre- 
sents the width and direction in azimuth of the elevation 
antenna beam. Thus, as long as the elevation tracker oper- 
ates the foot pedals to keep the echo signal within the 
transparent area, the elevation antenna will be properly 
positioned in azimuth to scan the target. 

(3) POWER REQUIREMENTS. The same high-voltage 
Rectifier Power Unit PP-23/MPN-1, that supplies the 
elevation indicator, furnishes the high accelerating voltage 
to the azimuth scopes. Connection for the accelerating 
voltage is made through plug 1 on the azimuth indicators. 


67. DIRECTOR ASSEMBLIES. Two director assem- 
blies are used with Radio Set AN/MPN-1, Elevation 
Director MS-33/MPN-1 and Azimuth Director MX-32/- 
MPN-l. The director aseemblies are mounted below the 
indicator units (fig. 91) and provide a means of follow- 
ing an approaching aircraft and of translating the devia- 
tions of the aircraft from a predetermined course into 
proportionate error voltages. 


a. Elevation Director MX-33/MPN-1. The eleva- 
tion director aseembly contains two removable maps, a 
10-mile map and a 2-mile map, s0 positioned below the 
semitransparent reflector of the elevation indicator that 
the maps appear to be superimposed over the faces of 
the indicator tubes. Associated with each map is a track- 
ing cursor which may be moved in a vertical direction 
across the map face by means of a tracking handwheel 
(fig. 165). 


(1) MECHANICAL OPERATION. The two elevation 
tracking cursors are moved across the face of the eleva- 
tion glidepath map by means of an eccentric double cam 
mechanically coupled to a single control handwheel (fig. 
166). The cursors are mounted in a carriage, provided 
with magnetic rollers, which is free to move in a vertical 
direction. A screw adjustment is provided which releases 
the tracking cursors from the carriage for setting-up 
purposes. The cursor for the 2-mile indicator is driven 
by a wire and pulley arrangement from the handwheel 
shaft (fig. 167), while the 10-mile cursor is driven by 
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Figure 166. Elevation Director MX-33/MPN-1, rear view. 
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Figure 168. Elevation Director MX-33/MPN-1, 
schematic diagram. 
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the cam. A pilot bulb is built into the release knob which 
illuminates an index mark engraved upon the top face 
of the cursor. 


(2) CIRCUIT ANALYSIS. 


(a) The drive shaft of the cam is also connected to 
the variable potentiometer P] (fig. 168) which is across 
a 35-volt d-c supply from the aural signal unit. The error 
voltage is taken from the movable contact arm of P] and 
is applied to the approach indicator and aural signal unit. 
The movable contact is so adjusted that it contacts the 
grounded center point of the potentiometer when the 
cursor is coincident with the glidepath, resulting in zero 
output voltage. The error voltage output increases in a 
positive or negative direction with respect to ground when 
the cursor, following the target echo, shows increasing 
deviation, respectively, below or above the proper glide- 
path. Resistor Rl is shunted across one, end section of 
Pl in order to develop a voltage wave across the error 
potentiometer, conforming to the calibration of the error- 
meter. Potentiometer P2, in series with the error potenti- 
ometer, operates to balance the bridge circuit formed by 
the azimuth and elevation potentiometer connected in 
parallel. 


(6) Transformer T1 supplies 6.3 volts ac for the opera- 
tion of the associated pilot lights. Potentiometer P5, in 
series with the cursor lights, controls the brilliance of 
these pilot lights and is located on the panel of the eleva- 
tion director. Potentiometer P4 functions in a similar 
manner to control the illumination of the map lights. 


(c) Dual potentiometer P3 functions as an azimuth 
receiver gain control. One section of the potentiometer 
is connected to the azimuth gain control terminals on the 
channel A synchronizer, while the other section connects 
to corresponding terminals on the channel B synchronizer. 
The use of this control permits the elevation tracker to 
independently adjust the sensitivity of the radar receiver 
during periods of elevation system reception. 


(d) DATA GOOD switch SW1 controls the elevation 


errormeter light on the approach indicator, and when 
closed, indicates to the approach controller that the infor- 
mation presented on the meter is.correct and that the 
elevation tracker operator is following the echo signal 
properly. 

b. Azimuth Director MX-32/MPN-1. The azimuth 
director assembly is similar to the elevation director 
assembly, permitting tracking of an echo signal on the 
‘two azimuth scopes with the tracking cursor mounted on 
the map:area beneath the tubes (fig. 169). Besides sup- 
plying the azimuth errormeter on the approach indicator, 
the azimuth error voltage is fed to the aural signal unit 
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to control the tone output of that unit as a further means 
of indicating azimuth error to the approaching pilot. 
(1) MECHANICAL OPERATION. The mechanical ar- 
rangement of the azimuth cursors is similar to that of 
the elevation cursors, being operated by means of a hand- 
wheel under control of the elevation tracker. By means 
of a double cam mechanism, driven by the handwheel 
(fig. 170), these cursors are moved simultaneously across 
the map areas below the indicator tubes,-the 2-mile cur- 
sor moving over its limited range five times as fast as 
the 10-mile cursor, but in unison with it. The cursors 
are mounted on movable carriages, free to slide only in a 
horizontal direction. Magnetic rollers are used with the 
carriages to insure constant following of the cam. 


(2) CIRCUIT ANALYSIS. 


(a) A 35-volt d-c supply from the aural signal unit is 
applied across error potentiometer P5. The error voltage 
is taken from the movable contact arm of P5 which is 
connected to the handwheel shaft. The contact arm is 
so adjusted that it contacts the grounded center point of 
the potentiometer when the cursor is coincident with the 
glidepath, resulting in zero output voltage. Deviations 
of the aircraft to the left or right of the glidepath produce 
a positive or negative error voltage, ‘respectively. Due to 
the nonuniform scale (expanded center portion) used on 
the errormeter in the approach indicator, resistor Rl 
and R2 are shunted across the end portions of the wind- 
ing of P5S in order to calibrate the meter scale against 
error voltage across P5. 


(6) The remainder of the electrical circuit of the azi- 
muth director is identical with the circuit of the elevation 
director previously described, with the exception of the 
antenha scan speed control switch SW1l. Switch SW1 
operates a motor-controlling relay (fig. 420), mounted on 
the rear of the narrow partition separating the precision 
antenna compartment doors, which selects the desired 
antenna scanning speed. Two speeds are available, the 
one in use depending on which of the two scanning motors 


is energized (ch. 3, sec. VII). 


68. APPROACH INDICATOR ID-38/MPN-1. 


a. General. The approach indicator is located in 
bay 2, immediately below the synchroscope and, between 


. the azimuth and elevation directors (fig. 91). While only 


being one assembly, the approach indicator electrically 
performs several distinct functions. In the indicating 
system it functions to display the elevation and azimuth 


error from the prescribed glidepath courses. In the com-— 


munications system it offers the approach controller oper- 
ator a selection of radio channels, for communication 


with approaching aircraft, by means of a switching panel 


on the front of the approach indicator. 
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Figure 169. Azimuth Director MX-32/MPN-1, front view. 
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visions for screwdriver adjustments at slotted shafts for 
varying both the elevation errormeter and the azimuth 
errormeter sensitivity. 

ce. Relay Switching. The approach indicator houses 
two relays used for channel switching. The voltage out- 
puts from the error potentiometers in both directors are 
applied to the approach indicator chassis and from it to 
the aural signal unit in operation. The normal position 
of both relays, RY] and RY2 (fig. 174), when not actu- 
ated, is for channel A operation. The errormeter inputs 
to the meters are paralleled to contacts on RY2 for appli- 
cation to either aural signal unit. The elevation warning 
light circuit also is brought to a contact on RY2 so that 
it may be controlled by either aural signal unit. Relay 
RY1 selects either aural signal unit tone output for appli- 
cation to the communications system, and also selects the 
d-c supplies from either aural signal unit to the error 
potentiometer in the directors. The relay also provides 
a means of selecting triggers from the A and B channel 
synchronizers for application to the test synchroscope in 
the indicator rack and to the master trigger selector con- 
trol in the intercommunication panel between the search 
centrals. 
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d. Cirenit Analysis. Two main groups of circuits 
are included in the approach indicator. One group is 
compoeed of the position errormeters and warning lights 
for use by the approach controller operator. These com- 
ponents are controlled by the error potentiometers in the 
elevation and azimuth director assemblies. The other 
group consists of rectifiers, audio amplifier and mixer 
stages, and the multiposition switches for the communica- 
tion and the intercommunication control system (ch. 4, 
sec. II1).° The primary information from which the ap- 
proach controller operator directs the movements of an 
aircraft is supplied by a pair of zero-centered meters, Ml 
and M2 (fig. 173). A dropping resistor and calibration 
potentiometer are in series with each meter input, the 
potentiometers being used to correct the range of meter 
variation with the error signal input of: the associated 
meter. A voltage of 6.3 volts ac is supplied from a single 
source to pilot lights mounted on the panel of the ap- 
proach indicator. Two lamps are mounted to illuminate 
the scale area of each meter. The return to ground for 
these lamps is through the DATA GOOD switch on the 
corresponding director assembly, so that the meter light 
can be turned on and off by the operator at that director. 
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Figure 174. Approach Indicator ID-38/MPN-1, 
schematic diagram. 
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P10 
Pll 
P12 
P13 
Pl4 


Fl 
F2 


JACK 


40 mfd 
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8 mfd 


5H 
5H 
10H 


3 AG 
3. AG 


Jk-,3-H 


2 

bs 
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2 

2 

2 

2 

2 

2 

Volts 

100 
600 
600 
600 
600 
150 
50 
50 
600 
600 


Type 
15-3447 
15-3447 
15-3446 


3 amp.-.07 
3 amp.-.07 


shorting type 
tipjack 













+40%, —15% 
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NEl #5122 0.1 Watt 
NE2 #5122 0.1 Watt 
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LM6 WE #2-F. 
LM7 WE #2-F. 
LM8 WE #2-F. 
LM9 WE §2-F. 
LM10 WE 2-F. 
LM11 GE Mazda $44 
LM12 GE Mazda #44. 
LM13 GE Mazda £44. 
LM14 GE Maada #44. 
LMI15 GE Mazda 51. 
LM16 GE Mazda #44. 
LM17 GE Mazda #44. 
SW1 = 6 Gang Oak Mfg. 
#26414-130 
SW2 = Kellog ES-3519 
SW3  Kellog #1042 
SW4 Centralab $1409 
4 pole double throw 
RY1 4 pole 110V 60 Cycle 
RY2 4 pole 110V. 60 Cycle 
Tl Microphone Input 
#15-3443 
T2 Aural Signal 
415-3454 
T3 Amplifier Output 
#15-3444 
T4 Amplifier Output 
#15-3444 
TS Amplifier Output 
#15-3444 
T6 Amplifier Output 
#15-3444 
T7 Omitted 
T8 Omitted 
T9 Microphone Supply 
#15-3441 
T10 Power $15-3442 
Ml #271 500 microamps 
M2 $271 500 microamps. 
RECT 1 Selenium DE-303-S 
RECT 2 Selenium DE-303-9 
Vl SR4GY Vac. Tube Rect 
v2 6SN7GT Amp. Tube 
V3 6SN7GT Amp. Tube 
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Figure 175. Aural Signal Unit O-8/MPN-1, front view. 


Turning off the light indicates to the approach controller 
operator that the data presented from that director to the 
errorméter is not accurate. The approach controller 
operator is thus informed whether or not the meter data 
he received is based on the accurate tracking of an air- 
craft’s echo signal. The fifth lamp is mounted behind a 
ruby jewel and is known as the ELEVATION WARNING 
LIGHT. The circuit to the lamp is completed through 
relay RY2 in the aural signal unit when the relay is actu- 
ated bye a predetermined value of the elevation error 
voltage. 


69. AURAL SIGNAL UNIT O-8/MPN-1 (fig. 175). 

a. General. (1) Two aural signal units are provided 
in the indicator rack. The aural signal unit of channel A 
is housed in the compartment between the elevation direc- 
tor assembly and,the azimuth antenna follower assembly 
and channel B is located to the right in bay 2 (fig. 91). 
The function of the aural signal unit is to provide the 
pilot of an approaching aircraft with an audio signal, 
transmitted to the aircraft by radio from the trailer, to 
indicate his left-right azimuth course correction. The 


audio signals indicate to the pilot that he should use 
either left rudder, maintain a aceeeoy course, or use right 
rudder. 

(2) The azimuth error information is converted into an 
audio tone which increases in pitch with.the increasing 
amplitude of the error voltage applied to the unit from 
the azimuth director assembly. An intermittent tone is 
transmitted if the aircraft's position is to the left of the 
glidepath on the azimuth errormeter, and a solid tone is 
transmitted if the aircraft is to the right of the path 
(hg. 176). When a correct approach is being made in 
azimuth, an ON-COURSE tone is produced. consisting 
of a series of dashes of low-pitched tone separated by 
about 3-second intervals. As deviations develop to either 
the right or to the left of the true glidepath. points are 
reached where this ON-COURSE tone changes, the error 
tone rising progressively in pitch. These points may be 
referred to as the inner markers. Errors in-aircraft posi- 
tion to the left of the glidepath are indicated by a series 
of dashes of rising pitch, separated by a time interval 
of about five hundredths of a second. Errors to the right 
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Figure 176. Aural signal unit output with azimuth 
deviation errors. 


are indicated by an unbroken rising tone. If the aircraft 


deviates sufficiently from the glidepath to make the 
approach dangerous, the tone jumps to a high warning 
pitch. These points are known as the outer markers. 
(3) In addition, the aural signal unit operates the eleva- 
tion warning light at the approach controller operator’s 
position. This last function acts as a forceful reminder, 
should the approaching aircraft drop dangerously low in 
altitude during an approach to the runway. 

b. Functional Block Diagram (fig. 177). (1) Con- 
sider the operation of the aural signal unit through the 
complete range of azimuth error voltage, beginning with 
the existing condition at zero error voltage input from 
terminal 4-4, The reversing tube V1, inner marker tube 
V3, and outer marker tube V4 are inoperative. The key- 
ing multivibrator V9 being unbalanced, generates a short 
negative square-wave pulse, approximately once every 
3 seconds, which is applied through the switch tube 
V10(a) to the audio oscillator. This pulse modulates the 
audio oscillator V8, producing a series of dashes of low- 
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pitched tone, spaced at about 3-second intervals, which 
are applied to cathode follower V10(b). The output of 
the cathode follower is the audio ON-COURSE tone and 
is terminated at terminal 4-5 in the aural signal unit 
chassis. 

(2) As the cursors of the azimuth tracking assembly are 
moved OFF-COURSE in a direction corresponding to a 
target position to the left of the glidepath, a positive 
voltage is developed in the azimuth error potentiometer, 
varying in magnitude with the OFF-COURSE position 
of the target in question. This azimuth error voltage is 
applied to the input terminal 4-4 of the aural signal unit. 
The positive error voltage causes the reversing tube V1 
to conduct, operating RY5 through RY1 which applies 
the positive-going voltage to the marker tubes V3 and V4, 
and to the audio oscillator V8. The positive-going voltage 
applied to the inner marker tube V3 causes the tube to 
conduct and actuates relay RY3 which balances the keying 
multivibrator V8. The keying multivibrator now gener- 
ates a negative-going square wave which is applied 
through switch tube V10(a) to the audio oscillator V8. 
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Figure 177. Aural Signal Unit O-8/MPN-1, block diagram. 


The pulse modulates the audio oscillator, producing a 
series of tone dashes of rising pitch with increasing 
azimuth error voltage, indicating that the aircraft is to 
the observer’s left of the glidepath. The audio pulses, 
separated by about five hundredths of a second, are 
applied to cathode follower V10(b}. The output of the 
cathode follower is terminated at the audio output termi- 
nal 4-5. As the azimuth error voltage increases, a point 
is reached at which the outer marker tube V4. will con- 
duct. V4 actuates relay RY4 and causes the pitch of the 
audio oscillator to jump to a high warning tone, thereby 
indicating that the aircraft is outside the outer marker 
limit. 

(3) As the azimuth tracking cursors are moved to the 
opposite side of the glidepath, a negative-going error 
voltage is applied to the aural signal unit. The negative 
voltage will have no effect on the reversing tube V1, this 
stage remaining in operative. Through the normal relay 


connections the negative error voltage will be reversed, 
appealing as a positive voltage. The positive-going volt- 
age applied to the inner marker tube V3 causes this tube 
to conduct, operating relay RY3 and disconnecting the 
switch tube and thus the keying square waveform to the 
audio oscillator V8. Therefore, the output of V8 will 
now be a steady tone, rising in pitch as the azimuth error 
voltage increases, which indicates that the aircraft is to 
the observer’s right of the glidepath. Again as the azi- 
muth error voltage increases, a point is reached at which 
the outer marker tube V4 conducts, causing the pitch of 
the audio oscillator to jump to a high warning pitch. This 
indicates to the aircraft that the outer marker limit has 
been passed. 

c. Circuit Analysis (fig. 179). The voltages supply- 
ing the error potentiometers in the azimuth and elevation 
director assemblies are developed in a selenium rectifier, 
rectifier 2, in the aural signal unit. The rectifier is not 
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Figure 178. Elevation warning light circuit, simplified 
schematic diagram. 
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_ grounded except through the center tap on the potentio- 
meter in the director assemblies. The error potentio- 
meters are linear through the center portion of the wind- 
ing, but by the use of shunt resistors, they are made less 
sensitive near the outer limits of the slider travel. The 
total voltage applied across the error potentiometer is 
established at 35 volts de by potentiometer P8 in the 
aural signal unit. The error voltages returned to the 
aural signal unit through the error voltage input terminals, 
and supplied also to the errormeters in the approach indi- 
cator, are taken from the variable taps on the potentio- 
meters. , 

(1) ELEVATION WARNING LIGHT CIRCUIT. The 
elevation warning light on the approach indicator panel 
operates to warn the approach controller operator when 
an approaching aircraft becomes dangerously low in 
elevation. A grid controlled thyratron, V2, actuates the 
controlling relay RY2. The grid bias of V2 is supplied 
by RECT. 3 through a l-megohm resistor R6. With no 
elevation error voltage applied to its grid, the bias of V2, 
determined by the setting of potentiometer P2, holds the 
tube in-an inoperative state. The upper end of P2, the 
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ELEVATION WARNING OPERATING POINT control, 
is at ground potential with no error voltage being gen- 
erated. The errormeter circuit is so arranged that if the 
elevation tracking cursors are on a target below the cor- 
rect course, the error voltage is positive. When the posi- 
tive error voltage input is applied to terminal 4-3 (fig. 
178), the bigs of V2 is reduced, since the upper end of 
P2 is more positive than ground. Thus, when the nega- 
tive bias applied through the adjustment of P2 is over- 
come and the grid rises above cutoff, V2 fires and plate 
current flows, operating relay RY2. The elevation warn- 
ing light circuit, therefore, is completed through to ground 
and the warning light on the approach indicator will 
glow. Since V2 is a gas tube, its grid bias has no control 
after the tube once fires. If the plate voltage of V2 was 
dc, it would continue to conduct, even if a relatively large 
grid bias was applied again when the deviation producing 
the error voltage was corrected. For this reason, the plate 
voltage applied to V2 is a 60-cycle a-c voltage from a 
winding of transformer Tl. The plate voltage rises 
through zero 60 times a second, permitting the tube to 
fire during the positive intervals only so long as the grid 
bias remains above cutoff. 
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Figure 180. Audio oscillator, simplified schematic diagram. 


(2) AUDIO OSCILLATOR. 


(a) The audio oscillator V8, a simple relaxation type 
oscillator using a type 884 thyratron tube, generates the 
aural tone used to indicate the aircraft’s position with 
respect to the glidepath. With the switch tube V10(a) 
inoperative, consider the start of a cycle of operation with 
capacitor C19 discharged (fig. 180). When the supply 
voltage is applied across the charging circuit, which con- 
sists of R21, R20, C19, and P7, the voltage across C19 
will gradually rise towards the positive supply potential. 
Since the thyratron V8 is connected across the capacitor 
19, the voltage across the tube will also rise until it 
ceaches the ionization potential of the thyratron. At this 
point V8 conducts heavily, discharging the capacitor 
through the tube. When the potential across V8 falls 
below that required to maintain ionization of the tube, the 
thyratron will again become nonconducting and the charg- 
ing cycle of C19 will be repeated. This process ‘continues 
as long as the d-c supply potential is maintained. Thus 
the output of the audio oscillator consists of a series of 
saw-tooth waves whose frequency depends on the time 
required to charge C19 sufficiently to fire the thyratron, 
v8. ae 


(6) Potentiometer P7 determines the potential of the 
thyratron cathode with respect to its grid and thus regu- 
lates the potential at which the tube will fire. As the grid 
bias of the thyratron is made increasingly negative, the 
potential required to fire the tube increases. Thus, the 
time required to charge C19 to the higher ionization 
potential will increase thereby lowering the frequency of 
oscillation (fig. 181). Potentiometer P7 is mounted on 
the front panel of the aural signal unit and is labeled 
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Figure 181. Relaxation oscillator output waveforms, 
grid-bias controlled frequency. 
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visions for screwdriver adjustments at slotted shafts for 
varying both the elevation errormeter and the azimuth 


errormeter sensitivity. 


ce. Relay Switching. The approach indicator houses 
two relays used for channel switching. The voltage out- 
puts from the error potentiometers in both directors are 
applied to the approach indicator chassis and from it to 
the aural signal unit in operation. The normal position 
of both relays, RY] and RY2 (fig. 174), when not actu- 


ated, is for channel A operation. The errormeter inputs 


to the meters are paralleled to contacts on RY2 for appli- 
cation to either aural signal unit. The elevation warning 
light circuit also is brought to a contact on RY2 so that 
it may be controlled by either aural signal unit. Relay 


RY1 selects either aural signal unit tone output for appli- 


cation to the communications system, and also selects the 
d-c supplies from either aural signal unit to the error 
potentiometer in the directors. The relay also provides 
a means of selecting triggers from the A and B channel 
synchronizers for application to the test synchroscope in 
the indicator rack and to the master trigger selector con- 
trol in the intercommunication panel between the search 
centrals, 
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d. Cirenit Analysis. Two main groups of circuits 
are included in the approach indicator. One group is 
composed of the position errormeters and warning lights 
for use by the approach controller operator. These com- 
ponents are controlled by the error potentiometers in the 
elevation and azimuth director assemblies. The other 
group consists of rectifiers, audio amplifier and mixer 
stages, and the multiposition switches for the communica- 
tion and the intercommunication control system (ch. 4, 
sec. III). The primary information from which the ap- 
proach controller operator directs the movements of an 
aircraft is supplied by a pair of zero-centered meters, Ml 
and M2 (fig. 173). A dropping resistor and calibration 
potentiometer are in series with each meter input, the 
potentiometers being used to correct the range of meter 
variation with the error signal input of: the associated 
meter. A voltage of 6.3 volts ac is supplied from a single 
source to pilot lights mounted on the panel of the ap- 
proach indicator. Two lamps are mounted to illuminate. 
the scale area of each meter. The return to ground for 
these lamps is through the DATA GOOD switch on the 
corresponding director assembly, so that the meter light 
can be turned on and off by the operator at that director. 
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Figure 173. Position errormeters, simplified 
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Figure 174. Approach Indicator ID-38/MPN-1, 


schematic diagram. 
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Figure 175. Aural Signal Unit O-8/MPN-1, front view. 


Turning off the light indicates to the approach controller 
operator that the data presented from that director to the 
errorméter is not accurate. The approach controller 
operator is thus informed whether or not the meter data 
he received is based on the accurate tracking of an air- 
craft’s echo signal. The fifth lamp is mounted behind a 
ruby jewel and is known as the ELEVATION WARNING 
LIGHT. The circuit to the lamp is completed through 
relay RY2 in the aural signal unit when the relay is actu- 
ated by: a predetermined value of the elevation error 


voltage. 


69. AURAL SIGNAL UNIT 0-8/MPN-1 (fig. 175). 

a. General. (1) Two aural signal units are provided 
in the indicator rack. The aural signal unit of channel A 
is housed in the compartment between the elevation direc- 
tor assembly and,the azimuth antenna follower assembly 
and channel B is located to the right in bay 2 (fig. 91). 
The function of the aural signal unit is to provide the 
pilot of an approaching aircraft with an audio signal, 
transmitted to the aircraft by radio from the trailer, to 
indicate his left-right azimuth course correction. The 


audio signals indicate to the pilot that he should use 
either left rudder, maintain a aupteady course, or use right 
rudder. 

(2) The azimuth error information is converted into an 
audio tone which increases in pitch with.the increasing 
amplitude of the error voltage applied to the unit from 
the azimuth director assembly. An intermittent tone is 
transmitted if the aircraft's position is to the left of the 
glidepath on the azimuth errormeter, and a solid tone is 
transmitted if the aircraft is to the right of the path 
(hg. 176). When a correct approach is being made in 
azimuth, an ON-COURSE tone is produced. consisting 
of a series of dashes of low-pitched tone separated by 
about 3-second intervals. As deviations develop to either 
the right or to the left of the true glidepath. points are 
reached where this ON-COURSE tone changes, the error 
tone rising progressively in pitch. These points may be 
referred to as the inner markers. Errors in-aircraft posi- 
tion to the left of the glidepath are indicated by a series 
of dashes of rising pitch, separated by a time interval 
of about five hundredths of a second. Errors to the right 
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Figure 176. Aural signal unit output with azimuth 
deviation errors. 


are indicated by an unbroken rising tone. If the aircraft 


deviates sufficiently from the glidepath to make the 
approach dangerous, the tone jumpe to a high warning 
pitch. These points are known as the outer markers. 
(3) In addition, the aural signal unit operates the eleva- 
tion warning light at the approach controller operator’s 
position. This last function acts as a forceful reminder, 
should the approaching aircraft drop dangerously low in 
altitude during an approach to the runway. 

b. Functional Block Diagram (fig. 177). (1) Con- 
sider the operation of the aural signal unit through the 
complete range of azimuth error voltage, beginning with 
the existing condition at zero error voltage input from 
terminal 4-4. The reversing tube V1, inner marker tube 
V3, and outer marker tube V4 are inoperative. The key- 
ing multivibrator V9 being unbalanced, generates a short 
negative square-wave pulse, approximately once every 
3 seconds, which is applied through the switch tube 
V10(a) to the audio oscillator. This pulse modulates the 
audio oscillator V8, producing a series of dashes of low- 
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pitched tone, spaced at about 3-second intervals, which 
are applied to cathode follower V10(b). The output of 
the cathode follower is the audio ON-COURSE tone and 
is terminated at terminal 4-5 in the aural signal unit 
chassis. 

(2) As the cursors of the azimuth tracking assembly are 
moved OFF-COURSE in a direction corresponding to a 
target position to the left of the glidepath, a positive 
voltage is developed in the azimuth error potentiometer, 
varying in magnitude with the OFF-COURSE position 
of the target in question. This azimuth error voltage is 
applied to the input terminal 4-4 of the aural signal’ unit. 
The positive error voltage causes the reversing tube V1] 
to conduct, operating RY5 through RY1 which applies 
the positive-going voltage to the marker tubes V3 and V4, 
and to the audio oscillator V8. The positive-going voltage 
applied to the inner marker tube V3 causes the tube to 
conduct and actuates relay RY3 which balances the keying 
multivibrator V8. The keying multivibrator now gener- 
ates a negative-going. square wave which is applied 
through switch tube V10(a) to the audio oscillator V8. 
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Figure 177. Aural Signal Unit O-8/MPN-1, block diagram. 


The pulse modulates the audio oscillator, producing a 
series of tone dashes of rising pitch with increasing 
azimuth error voltage, indicating that the aircraft is to 
the observer’s left of the zlidepath. The audio pulses, 
separated by about five hundredths of a second, are 
applied to cathode follower V10(b). The output of the 
cathode follower is terminated at the audio output termi- 
nal 4-5. As the azimuth error voltage increases, a point 
is reached at which the outer marker tube V4 will con- 
duct. V4 actuates relay RY4 and causes the pitch of the 
audio oscillator to jump to a high warning tone, thereby 
indicating that the aircraft is outside the outer marker 
limit. | 

(3) As the azimuth tracking cursors are moved to the 
opposite side of the glidepath, a negative-going error 
voltage is applied to the aural signal unit. The negative 
voltage will have no effect on the reversing tube V1, this 
stage remaining in operative. Through the normal relay 


connections the negative error voltage will be reversed, 
appearing as a positive voltage. The positive-going volt- 
age applied to the inner marker tube V3 causes this tube 
to conduct, operating relay RY3 and disconnecting the 
switch tube and thus the keying square waveform to the 
audio oscillator V8. Therefore, the output of V8 will 
now be a steady tone, rising in pitch as the azimuth error 
voltage increases, which indicates that the aircraft is to 
the observer’s right of the glidepath. Again as the azi- 
muth error voltage increases, a point is reached at which 
the outer marker tube V4 conducts, causing the pitch of 
the audio oscillator to jump to a high warning pitch. This 
indicates to the aircraft that the outer marker limit has 
been passed. 

c. Circuit Analysis (fig. 179). The voltages supply- 
ing the error potentiometers in the azimuth and elevation 
director assemblies are developed in a selenium rectifier, 
rectifier 2, in the aural signal unit. The rectifier is not 


187 


\ 





Par. 69 





Service Manual 


TM 11-1543 


| N.C. 
| i" 
| a. 
| e TI 
| EL.WARNING LIGHT \ (6) 
| ON APPROACH ' | : C2 : 
| INDICATOR RY 2 40 ur : IN7 Va-c GOW 
eis vas He te ee J 300Ve 
a-¢ 
R2 Sy) 
5000 = 
3) 
ELEVATION R6 
WARNING OPERATING v2 
POINT 8) 
| MEG 6 2050 
Les emer > Taare RR Ve 
ELEVATION 2000 |- 
ERROR | 
VOLTAGE 
OF (2 +=RECT.3 
———=EZ&_=_ T Tu 36038 


Figure 178. Elevation warning light circuit, simplified 
schematic diagram. 


grounded except through the center tap on the potentio- 
meter in the director assemblies. The error potentio- 
meters are linear through the center portion of the wind- 
ing, but by the use of shunt resistors, they are made less 
sensitive near the outer limits of the slider travel. The 
total voltage applied across the error potentiometer is 
established at 35 volts dc by potentiometer P8 in the 
aural signal unit. The error voltages returned to the 
aural signal unit through the error voltage input terminals, 
and supplied also to the errormeters in the approach indi- 
cator, are taken from the variable taps on the potentio- 
meters. | 

(1) ELEVATION WARNING LIGHT CIRCUIT. The 
elevation warning light on the approach indicator panel 
operates to warn the approach controller operator when 
an approaching aircraft becomes dangerously low in 
elevation. A grid controlled thyratron, V2, actuates the 
controlling relay RY2. The grid bias of V2 is supplied 
by RECT. 3 through a 1-megohm resistor R6. With no 
elevation error voltage applied to its grid, the bias of V2, 
determined by the setting of potentiometer P2, holds the 
tube in-an inoperative state. The upper end of P2, the 
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ELEVATION WARNING OPERATING POINT control, 
is at ground potential with no error voltage being gen- 
erated. The errormeter circuit is so arranged that if the 
elevation tracking cursors are on a target below the cor- 
rect course, the error voltage is positive. When the posi- 
tive error voltage input is applied to terminal 4-3 (fig. 
178), the bias of V2 is reduced, since the upper end of 
P2 is more positive than ground. Thus, when the nega- 
tive bias applied through the adjustment of P2 is over- 
come and the grid rises above cutoff, V2 fires and plate 
current flows, operating relay RY2. The elevation warn- 
ing light circuit, therefore, is completed through to ground 
and the warning light on the approach indicator will 
glow. Since V2 is a gas tube, its grid bias has no control 
after the tube once fires. If the plate voltage of V2 was 
dc, it would continue to conduct, even if a relatively large 
grid bias was applied again when the deviation producing 
the error voltage was corrected. For this reason, the plate 
voltage applied to V2 is a 60-cycle a-c voltage from a 
winding of transformer Tl. The plate voltage rises 
through zero 60 times a second, permitting the tube to 
fire during the positive intervals only so long as the grid 
bias remains above cutoff. 


, oa 





TM 11-1543 


Symbol 
Designation 





— 


_ 


SEQVRRLeRS AIKKIIIS 


© 
os 
& 


- 








Figure 179. Aural Signal Unit O-8/MPN-1, 
echewantic diagram. 
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Figure 180. Audio oscillator, simplified schematic diagram. 


(2) AUDIO OSCILLATOR. 


(a) The audio oscillator V8, a simple relaxation type 
oscillator using a type 884 thyratron tube, generates the 
aural tone used to indicate the aircraft’s position with 
respect to the glidepath. With the switch tube V10(a) 
inoperative, consider the start of a cycle of operation with 
capacitor C19 discharged (fig. 180). When the supply 
voltage is applied across the charging circuit, which con- 
sists of R21, R20, C19, and P7, the voltage across C19 
will gradually rise towards the positive supply potential. 
Since the thyratron V8 is connected across the capacitor 
€19, the voltage across the tube will also rise until it 
ceaches the ionization potential of the thyratron. At this 
point V8 conducts heavily, discharging the capacitor 
through the tube. When the potential across V8 falls 
below that required to maintain ionization of the tube, the 
thyratron will again become nonconducting and the charg- 
ing cycle of C19 will be repeated. This process continues 
as long as the d-c supply potential is maintained. Thus 
the output of the audio oscillator consists of a series of 
saw-tooth waves whose frequency depends on the time 
required to charge C19 sufficiently to fire the thyratron, 
V8. x 


(6) Potentiometer P7 determines the potential of the 
thyratron cathode with respect to its grid and thus regu- 
lates the potential at which the tube will fire. As the grid 
bias of the thyratron is made increasingly negative, the 
potential required to fire the tube increases. Thus, the 
time required to charge C19 to the higher ionization 
potential will increase thereby lowering the frequency of 
oscillation (fig. 181). Potentiometer P7 is mounted on 
the front panel of the aural signal unit and is labeled 
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Figure 181. Relaxation oscillator output waveforms, 
grid-bias controlled frequency. 
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STARTING FREQUENCY OF TONE VARIATION. 
(c) Since the firing point of V8 is determined by the 
grid potential of the tube, the pitch of the aural signal 
will be determined by the azimuth error voltage input 
applied to the grid of V8 through terminal 4-4. As the 
voltage on. the grid of V8 becomes more positive, the 
plate voltage required to fire the tube decreases. Thus 
the thyratron will fire at an earlier point on the charg- 
ing cycle of C19 and the time required for a complete 
cycle will be decreased, thereby causing the pitch of the 
aural tone to increase. Thus, as the approaching aircraft 
deviates to the right or left of the glidepath, the increasing 
error voltage at the grid of V8 will produce a correspond. 
ing increase in pitch of the aural tone, indicating that the 
aircraft is flying away from the desired glidepath. It 
should be noted that only a positive-going error voltage 
applied to the grid of V8 will produce a tone of rising 
pitch, therefore, for proper operation, the 'negative-going 
error voltage must be inverted in phase before application 
to the grid of V8. This is accomplished by the error 
voltage inversion circuit and is discussed under sub- 


paragraph (4). 
(3) TONE INTERRUPTION CIRCUIT. 


(a) The tone interruption circuit generates the key- 


ing pulse which is applied as a modulating voltage to 
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the audio oscillator V8, thereby producing the intermittent 
ON-COURSE tone. This circuit also develops the OFF- 
COURSE broken tone modulating voltage required to 
indicate that the aircraft is to the left of the glidepath. 
The circuit consists of V9 and V10(a), both 6SN7-GT 
type tubes. Audio oscillator \8 operates only when the 
switch tube V10(a) is nonconducting. V10(a) conducts 
only during the positive portion of the keying pulse 
developed by the multivibrator V9. The plate voltage of 
\8 drops during the conduction of V10(a) to such a low 
value that the maximum voltage applied to the charging 
capacitor C19 will be insufficient to fire V8. Thus, no 
oscillations can be generated by V8 regardless of the 
value of grid voltage impressed on the tube. Therefore, 
\V10(a) acts as a switch to key the audio oscillator in a 
fixed pattern determined by the keying voltage impressed 


on its grid from the multivibrator. 


(6) The multivibrator output is taken from the grid 
of V9(a), appearing as a series of negative voltage pulses. 
The width of these pulses depends upon the RC constant 
of ClO and R14 (fig. 182), while the time interval be- 
tween the pulses depends on the RC constant of R17 and 
C17 or C18, depending upon which of the two capacitors 
is selected by relay RY3. 
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Figure 182. Tone interruption circuit, simplified 


schematic diagram. 
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(c) If C18 is selected by relay RY3, the negative 
pulses generated by the multivibrator will recur at a 
comparatively slow rate, approximately once every 3 
seconds. If C17 is selected, a series of negative pulses is 
developed producing the OFF-COURSE intermittent tone. 
RY3, in conjunction with RY5, also serves to disconnect 
the switch tube V10(a), and thus the tone interruption 
circuit, from the audio oscillator stage V8. This allows 
the audio oscillator to generate the continuous tone indi- 
cating that the aircraft is to the right of the glidepath. 
(4) MARKER CIRCUITS (fig. 183). 

(a) The marker circuit consists of two tubes, an inner 
_ marker tube V3, and an outer marker tube V4. The cir- 
cuit provides a means of changing the position indicating 
tone from the ON-COURSE signal to the OFF-COURSE 
tone when the aircraft deviates slightly from the glide- 
path, and provides an outer marker warning tone if the 
aircraft reaches a point sufficiently distant from the glide- 
path to cause the landing operation to be hazardous. Both 
marker tubes are type 2050 thyratrons. Variations of 
the azimuth error. voltage with respect to ground serve 
as the basis of operation for the marker circuits. 


(b) The grids of V3 and V4 are tied to the more | 


positive side of potentiometer P5 through their grid-leak 
resistors R7 and R8 (fig. 183). The cathode of each tube 
is at a fixed voltage with respect to the B— power supply. 
As the azimuth error voltage increases, each grid becomes 
more positive with respect to its cathode. The cathode 
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biasing, with relationship to B-, is determined by the 
settings of variable potentiometers P3 and P4 which 
are parts of the resistance network between B-++ and B-. 
Therefore, the fixed cathode biasing determines the initial 
conducting point of the tubes; and P3, the INNER 
MARKER WIDTH ADJUSTMENT, and P4, the OUTER 
MARKER WIDTH ADJUSTMENT located on the front 


panel of the chassis, set the basic tube biasing points. 


(c) Tube V3 has a small bias applied through the 
2,000-ohm variable potentiometer P3, and a slight error 
voltage will cause this tube to fire. When the tube con- 
ducts, relay RY3 closes and selects capacitor C17 in the 
keying multivibrator circuit in place of the larger capa- 
citor C18. This change in the time constant of the key- 
ing multivibrator removes the ON-COURSE keying pulse 
and substitutes the OFF-COURSE modulating voltage to 
the audio oscillator V8, producing the intermittent tone 
indicating that the aircraft’s deviation is to the left of 
the glidepath. Relay RY3, when operated, breaks one of 
the parallel ground connections to the cathode of switch 
‘tube YV10(a), thereby preparing the switch tube to become 
inoperative. If relay RY5 were actuated, it would break 
the other parallel ground connection to the switch tube 
cathode. This makes the switch tube inoperative and non- 
conducting and removes the multivibrator keying pulse, 
causing the audio oscillator V8 to operate continuously. 


(d) Considerably heavier bias is applied to V4 throug). 
the 10,000-ohm potentiometer P4. This potentiometer, 
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Figure 183. Marker circuits, simplified schematic diagram. 
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amet 


the OUTER MARKER WIDTH ADJUSTMENT, deter- 
‘mines the initial conducting point of the tube and is set 
at a more negative point, thereby requiring a greater 
error voltage to fire the tube. When conduction through 
the tube begins, relay RY4 is actuated. Thus, the input 
voltage to the grid of the audio oscillator V8 is no longer 
obtained from the slider of PS, but is connected to a 
point whose potential is fixed with respect to the chassis 
voltage supply. This voltage supplied for the constant 
pitch warning tone is determined by the setting of P6 
across a part of the output bleeder network of the power 
supply. P6 is designated on the front panel as the 
FIXED TONE FREQUENCY ADJUSTMENT. 


(5) ERROR VOLTAGE INVERSION CIRCUIT. 


(a) Any increase in azimuth error voltage, either posi- 
tive or negative, must be impressed on the grid of the 
audio oscillator V8 as a positive increase of voltage. 
The operation of the inversion circuit is based upon the 
fact that the power supply within the chassis is not 
grounded at any point in its basic tircuit. The. cathode 
of the audio oscillator V8 is fixed with respect to B— 
by P7, the STARTING FREQUENCY OF TONE VARI- 
ATION control. 


(6) In the circuit shown in figure 184b, the azimuth 
error potentiometer tap is moved below the grounded 
midpoint; thus the error voltage becomes negative with 
respect to ground. The current flows from ground through 
the upper contact of the third set of contacts on relay 
RY5, through potentiometer P5, through the upper con- 
tact of the first set of contacts on relay RY5, and out 
through the error potentiometer tap to the negative end 
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(D). NEGATIVE ERROR VOLTAGE INVERSION CIRCUIT 


Figure 184. Error voltage inversion circuit, 
simplified schematic diagram. 


of the winding. Note the direction of «u:rent flow across 
potentiometer P5. The variable tap o1 !'5 applies a por- 
tion of the voltage drop across the potentiometer to the 
grid of audio oscillator V8, through the relay contacts of 
RY4. As the negative voltage of the error potentiometer 
becomes greater, the voltage drop across P5 also becomes 
correspondingly greater. The negative end of potentio- 
meter PS is directly connected to the B— terminal of the 
chassis power supply. The greater the voltage drop across 
P5, the more negative becomes the B- point, which 
determines the cathode voltage level of V8, and thus the 
grid voltage to V8 becomes proportionally less negative. 
(c) When the voltage from the azimuth error potentio- 
meter goes positive, the contacts of relay RY5 are reversed 
(fig. 184a). Under these circumstances, current flow is 
from the positive point on the azimuth error potentiometer 
winding and is applied to potentiometer P5 through the 
lower position of the third set of contacts on RY5. Cur- 
rent flows through P5, in the same direction as before, 
through the lower of the first section of contacts on RY5 
to ground. The B— point, being connected to the lower 
end of P5, is now also directly connected t» ground 
through RY5. Positive excursions of voltage ‘rom the - 


"error potentiometer will increase the voltage di »p across 


PS with reference to ground, and will thus increase the 
grid bias of V8, thereby increasing the frequency of oscil- 
lation. 

(d) To operate relay RY5S, a reversing circuit con- 
sisting of V1, a 2050 gas type thyratron tube, and relay 
RY1 is provided. This circuit functions as the azimuth 
error voltage passes through zero in a positive direction 


(fig. 185). The positive error voltage input establishes 
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Figure 185. Reversing circuit, simplified schematic diagram. 


the voltage at the positive end of the variable potentio- 
meter P1, across selenium rectifier, RECT 1. Therefore, 
the grid bias applied to V1 rises and falls with the error 
voltage input. Selection. of the operating point for the 
reversing tube is accomplished by varying the grid bias 
through variable potentiometer P1, designated as the 
REVERSING RELAY ZERO SETTING control and lo- 


cated on the front panel of the chassis. Thus, as a posi- 
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tive voltage from the error potentiometer of the azimuth 
director assembly is impressed on the grid circuit of 
the reversing tube, it will cause the tube to conduct when 
the tube has reached its ionization potential fixed by the 
grid bias adjustment Pl. Tube V1 conducting, operates 
relay RY1 which in turn actuates relay RY5 and reverses 
its contact positions. Therefore relay RY5 is essentially 
a reversing relay. Since V1 is a gas tube, its grid bias 
has no control after the tube once fires. If the plate 
voltage of V1 is dc, the tube will continue to conduct, 
even if a relatively large negative grid bias is applied 
again when the deviation producing the positive error 
voltage is corrected. For this reason, the plate voltage 
applied to V1 is a 60-cycle a-c voltage from a winding 
of transformer Tl. The plate voltage drops to zero once 
every 1/120th of a second, permitting the grid to again 
take control and prevent the tube from firing during the 
following cycle if the grid bias has dropped below cutoff. 


(6) POWER SUPPLY. 

(a) The power supply for the aural signal unit is 
contained on the aural signal unit chassis and consists of 
the conventional type full-wave rectifier, using a dual 
diode type SR4GY tube and a choke input filter circuit. 
To maintain the voltage of the power supply constant, 
in spite of large changes of load current drawn from the 
supply or changes in the input voltage, a voltage regulat- 
ing network is used. The regulator network consists of 
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Figure 186. Aural signal unit power supply, 
simplified schematic diagram. 
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Figure 188. Angle Coupling Unit CU-14/ MPN.-1 (including 
Angle Capacitor Unit CU-15/MPN-1), schematic diagram. 
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a variable resistor R13 and two voltage regulator type 
tubes, VR150/30 and VR105/30, connected across the 
supply (fig. 186). 


(b) The voltage regulator type tubes are characterized 
by the nearly constant voltage drop across them during 
conduction. The voltage drop across each tube is deter- 
mined by the tube construction and is of the order of 150 
and 105 volts respectively for the two regulator tubes 
VR150/30 and VR105/30. Since both tubes are con- 
nected in series, the total voltage drop will be approxi- 
mately 255 volts. 


(c) The load current and the current through the argon 
glow-tube regulators both pass through the series resistor 
R13. If the supply voltage drops, the voltage across the 
regulator tubes tends to drop. However, with a decrease 
in voltage across the tubes, the argon gas de-ionizes 
slightly and less current passes through the tubes. There- 
fore, the current decreases in the regulator tubes. Since 
the current through R13 will also be less, the voltage 
drop across it will decrease and the output voltage will 
tend to increase. If the resistor is of the proper value 
relative to the load and to the regulator tubes used, the 
voltage across the load will be held nearly constant. 


- (d) The voltage required to cause ionization of the glow 
tubes when the circuit is first energized is approximately 
30 percent greater than the operating terminal voltage. 
The voltage quickly drops to the operating value as the 
tubes begin to conduct. In order to maintain stable opera- 


tion, a minimum current of 5 milliamperes should flow - 


through the tubes, and the maximum current should be 
kept well below the rated 30 milliamperes which is con- 
trolled by the setting of R13. 


(e) Since the voltage output of the power supply 
would increase sufficiently to damage the load circuits 
if the regulator tubes were removed, the 117-volt mains 
supply is interlocked through pins 3 and 7 of each regu- 
lator tube. In this manner, if a tube is removed, the 
117-volt line will be broken and the power will be 
removed from the load circuits. 


SECTION VII 
SCAN SYNCHRONIZING AND ANTENNA 
POSITIONING SYSTEM 
70. INTRODUCTION. To accurately determine the 


exact azimuth and elevation of an approaching aircraft, 
the azimuth and elevation antennas must continuously 
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sweep through the sector containing the aircraft. In ad- 
dition, to properly interpret the positioning information, 
the indicator system timebases must be made to scan a 
corresponding angle and must be exactly synchronized 
with the sweep of the antennas. In Radio Set AN/MPN-1 
the beam sweep and timebase synchronization is accom- 
plished by means of the scan synchronizing and antenna 
positioning system. This system consists of an electrical 
section and a mechanical section. The purpose of the 
electrical system is to generate a modulating voltage 
which is applied to the indicator sweep amplifiers in 
order to synchronize the scanning motion of the timebases 
with that of the corresponding antenna beam, and to 
provide a commutator voltage to alternately blank out the 
azimuth and elevation indicator tubes. The mechanical 
system provides a means of adjusting the two antennas 
in azimuth and elevation in order to continuously il- 
luminate an approaching aircraft. The location of the 
various units comprising the scan synchronizing system 
is shown in figure 187. 


a. Electrical Section. The electrical section of the 
scan synchronizing system consists of two angle capacitor 
units and two angle coupling units for each of the eleva- 
tion and azimuth antennas, in addition to a commutator 
unit contained in the r-f switching unit previously de- 
scribed. One angle capacitor unit and one angle coupling 
unit with eaeh antenna is used in the actual operation of 
the equipment, while the duplicate units are maintained 
in a stand-by condition. 


(1) In order to produce an indicator sweep whose scan- 
ning motion is synchronized with that of the antenna 
beam, a modulating voltage, with an amplitude propor- 
tional to the angle of the beam, is applied to the indicator 
sweeps. This modulating voltage is obtained from Angle 
Coupling Unit CU-14/MPN-1, a separate unit being re- 
quired for each antenna. The modulating voltage must 
be developed by the same action that produces the an- 
tenna scan, namely, the waveguide variations. This is 
accomplished through the use of a capacitance voltage 
divider in which the output of an oscillator circuit, a 
voltage of fixed magnitude and frequency, is placed 
across a series of two capacitors. One of these is a 
variable air capacitor, contained in Angle Capacitor 
Unit CU-15/MPN-1, whose rotor is coupled to one of 
the pivot arms producing the waveguide variation. The 
change in capacitance is proportional to the change in 
waveguide width. The voltage across the variable capaci- 
tor is rectified and applied to the sweep amplifiers to vary 
the amplitude of the sweep voltages (ch. 3, sec. VI). 

(2) Since a single receiver system is used for both eleva- 
tion and azimuth indicators, a means of alternate switch- 
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ing must be used to present the video pulses to the proper 
indicators. The elevation and azimuth antennas are fed 
by a single transmitter through a T-section of waveguide 
of which first one branch and then the other is blocked 
by revolving brass disks. 

(3) Similar brass plates are also used in developing inten- 
sifying voltages for application to the indicators. Photo- 
electric cells receive a beam of light interrupted by the 
passage of the disks, Their position is such that when 
energy is being fed to the elevation antenna the light 
beam to the elevation photocell is passed by the narrow 
section of the disk. The positive voltage gate produced 
is applied to the grid of a cathode follower and this out- 
put voltage is sent through two amplifier stages in the 
synchronizer. The resulting positive gate voltage is ap- 
plied to the elevation CRT grid to permit the video sig- 
nals reaching it to be above cutoff. At the same time, the 
azimuth photocell is not receiving the light beam, the 
wide section of the disk being opposite it; there is no 
voltage output from this photocell, and the azimuth 
CRT’s remain biased below cutoff. The two brass disks 
are part of the r-f switching unit described in section III 
of this chapter. They are driven off the same shaft by 
the motor which also produces the antenna waveguide 
variation, the various actions thus being properly syn- 
chronized. 

b. Mechanical Section. The function of the me- 
chanical section of the scan synchronizing and antenna 
positioning system is to adjust the elevation and azimuth 
antennas in azimuth and elevation, respectively, in order 
to insure that the antennas are scanning that section con- 
taining the approaching aircraft. 

(1) Since the elevation antenna emits a thin fan-shaped 
beam of energy which scans in the vertical plane, some 
method must be utilized for locating its direction in azi- 
muth to permit detection of aircraft within the entite 
area scanned by the azimuth antenna assembly. The 
elevation tracker does not have the information available 
to position the elevation antenna in azimuth, thus the 
azimuth tracker must perform this function. Consequently 
Elevation Antenna Follower Assembly MX-48/MPN.-1 is 
associated with the azimuth indicator and is operated by 
the azimuth tracker. Similarly, Azimuth Antenna Fol- 
lower Assembly MX-47/MPN-1 is associated with the 
elevation indicator and functions to position the azimuth 
antenna in elevation. 

(2) The antenna follower assembly comprises a foot- 
pedal servo, coupled to the antenna assembly through a 
cable and pulley arrangement, and also to a pair of 
servo cursors superimposed on the faces of the azimuth 
and elevation indicators. 
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71. ANGLE COUPLING AND CAPACITOR UNIT. 
a. General. (1) Four sets of Angle Coupling Unit 
CU-14/MPN-1 and four sets of Angle Capacitor Unit 
CU-15/MPN-1 are a part of each radio set. Two sets of 
each are mounted on the azimuth antenna array wave- 
guide member and two on the elevation antenna wave- 
guide member. Each angle coupling unit is connected 
electrically with the angle capacitor unit mounted beside 
it by a short coaxial line, Cord CG-12/MPN-1. One set 
of these units on each antenna is used in operation, while 
the other is maintained in a stand-by condition. All four 
sets of units are interchangeable, but considerable cali- 
bration is necessary to adapt a particular angle coupling 
unit to either antenna. 
(2) A modulating voltage proportional to the angle of 
antenna beam scan is applied to the azimuth and elevation 
sweep amplifiers, producing an indicator sweep, the scan- 
ning motion of which is synchronized with that of the. 
associated antenna. The angle coupling and the capaci- 
tor units function to generate this modulating voltage for 
associated sweep amplifiers. 

b. Electrical Circuits. (1) The angle coupling unit 
(fig. 188) consists of a 1-megacycle oscillator whose out- 
put is applied across a capacitance voltage divider in 
which angle capacitor Cl provides a capacitance variable 
with the waveguide scanning mechanism. The oscillator 
output, of relatively constant peak value, is applied across 
the voltage divider and the portion appearing across the 
variable capacitor, Cl, when rectified and passed through 
a cathode follower, becomes the required angle data 
voltage. The oscillator consists of tube V2 (807) operated 
as a Hartley oscillator, the resonant circuit being com- 
posed of inductance Ll] and capacitor C6. The parasitic 
suppressor combination of L2 wound upon R2, and r-f 
choke L3, operate respectively to minimize undesired 
oscillations ayd prevent a-c components from getting 
into the plate supply circuit. The output voltage of the 
oscillator is taken across the plate portion of inductance 
Ll. Capacitor Cl, which is across a part of Ll, causes a 
slight frequency variation in the oscillator output as 
the antenna scans. To minimize this variation, the LC 
ratio is small so that frequency change, and the resultant 
output variation, will likewise be small. 

(2) The variable voltage divider consists of the parallel 
combination of Cl and C3 in series with C2. The variable 
output voltage from the voltage divider is applied to the 
rectifier circuit consisting of one section of the dual- 
triode Vl (6SN7-GT) connected as a diode. The recti- 
fied output appears across the load resistor R1, the cathode 
end of the resistor being the more positive. R-f choke L4 
provides a d-c return for the rectified current while pre- 
senting a high impedance to the 1-megacycle oscillation. 
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(3) The d-c output of the rectifier is applied to the 
paralleled grids of cathode follower V3 through the azi- 
muth-elevation switch SW1l. The simplified schematic 
of the circuit with the switch in the elevation position is 
shown in figure 189(a). With SW1 in the elevation 
position, the negative end of RI is connected to the 
cathode follower grid while the more positive end of Rl 
is connected to the slider of potentio:ieter P14. The 
potentiometer, located on the synchronizer chassis, is a 
part of a resistance chain across a positive 300-volt 
source, and serves to supply a positive reference voltage 
to the grid of the cathode follower. The variable d-c 
output of the rectifier opposes the fixed reference voltage, 
thereby producing an increasing positive swing in the 
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positive voltage swings with variations of capacitor Cl 
is explained in subparagraph c below. 
(5) The output angle voltage of cathode follower stage 
V3 is developed across cathode resistor R7. A filter cir- 
cuit consisting of C15, L5, and C12 provides further 
smoothing of the output, thereby removing the r-f com- 
ponent. The d-c output is more positive than the grid 
voltage and has a slightly smaller variation, the grid 
level. being adjusted through potentiometer Pl. The 
cathode follower acts as a current amplifier, providing 
adequate output power while preserving a light load 
of the diode rectifier. — 

c. Azimuth and Elevation Adaptation. (1) To 
understand the use of the angle coupling unit with both 
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Figure 189. Angle Coupling Unit, CU-14/MPN.-1, simplified 


schematic diagram. 


cathode follower output for a corresponding decrease in 
rectified d-c. 

(4) With switch SW1 in the azimuth position (fig. 
189(b)), the positive end of the rectifier load resistance 
is connected to the grid of the cathode follower V3 while 
the more negative end is connected to the slider of 
potentiometer P15. The potentiometer chain is also located 
on the synchronizer chassis and is connected across a 
negative 102-volt source with respect to ground, thereby 
furnishing a negative reference voltage to the grid of V3. 
Again the variable d-c output of the rectifier opposes the 
fixed reference voltage; however, since the reference 
voltage is now negative, an increasing rectifier output 
will produce an increasing positive swing in the cathode 
follower output circuit. The purpose for generating these 


elevation and azimuth antennas, it is necessary to consider 
the scanning characteristics of both antennas and the 
necessary steps to match the coupling unit’s signal output 
with either antenna scanning curve. The following con- 
siderations apply: | 


(a) The maximum permissible range of guide width 
variation is from a half-wavelength to a full-wavelength 
in air. Below this range, transmission is impossible; 
above this range the mode of operation changes. 


(b) The antenna beam must never scan through the 
normal to the array; at this point in the scanning range, 
standing waves become very high, owing to additive re- 
flections from the dipole probes. 


(c) With 2.2-centimeter spacing of the dipoles, the 
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Figure 190. Waveguide width versus antenna beam angle 
for precision antennas. 


scanning range is from 10 degrees to —30 degrees, con- 


sidering positive angles toward the load end of the an- 


tenna and negative angles toward the feed end, and mea- 
suring from the normal. 


(d) It is desirable, for convenience, to feed the two 
antennas at their adjacent point in the trailer; this deter- 
mines the relationship of feed end and load end of the 
arrays. 


(e) The elevation scanning range must be 7 degrees 
and the azimuth range 20 degrees. | 
(2) The above requirements are satisfied by using an 
elevation scanning range of 1 to 8 degrees, and azimuth 
scanning range of —1 to —21 degrees from the normal. 
The possible scanning range with 2.2-centimeter dipole 
spacing, from —30 degrees to +10 degrees, may be shifted 
about the normal by varying the dipole spacing. Reduc- 
ing the spacing causes the range to shift toward the nega- 
tive side, and increasing the spacing causes a shift in 
the positive direction. Since the two antennas must scan 
in opposite directions from the normal, the dipole spac- 
ing is made less than a half-wavelength in the guide for 
the azimuth antenna and more than a half-wavelength 
for the elevation antenna. In this way, the antenna scan- 
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ning range is shifted toward the side of the normal on 
which the particular antenna is to scan. This relationship 
is shown in figure 190. Actual antenna operating charac- 
teristics may deviate slightly from these curves, which are 
based on theoretical calculations. 

(3) In the case of the azimuth antenna, shifting the 
curve by decreasing the dipole spacing develops greater 
precision by reducing the beam angle change for a given 
guide width change in the 20-degree region used. In the 
elevation antenna, increasing the dipole spacing shifts 
the curve in such a way that the beam angle change -for 
a given guide width change is increased, thus permitting 
complete coverage of the scanning sector. 

(4) Angle capacitor Cl is linked mechanically to the 
moving plate of the variable width waveguide, its purpose 
being, in conjunction with the angle coupling unit, to 
produce a voltage proportional to the beam angle of the 
antenna. Since the curve of the antenna beam angle 
versus capacitor rotation is not linear ‘but resembles a 
portion of an hyperbola), the curve of the capacitor rota- 
tion versus output voltage must also be non-linear in such 
. way as to exactly complement the former curve. The 
capacity divider circuit in the angle coupling unit, of 
which Cl is an element, produces the desired curve when 
the trimmers C2 and C3 are adjusted properly. For 
proper matching, the steepest portions of the two curves 
must occur at the same guide width positions. On both 
antennas the angle capacitor must be connected so that 
capacitor voltage increases as guide width decreases, 
meaning that for the azimuth antenna the capacitor volt- 
age increases with increasing beam angle, and for eleva- 
tion antenna the capacitor voltage decreases with increas- 
ing beam angle (fig. 191). 

(5) For both antennas, the angle-signal output must vary 
between limits of from 2 to 52 volts. The antenna beams 
scan through” increasing angles away from the normal. 
Switch SW1 is used to select the proper reference voltages. 
(6) If the angle coupling unit is used on the azimuth 
antenna, switch SW1 is turned to the azimuth position. 
With the switch in this position, the negative end of Rl] 
is connected through to the slider of P15. Potentiometer 
P15, mounted on, the synchronizer chassis, regutates the 
voltage level with respect to ground at the negative end 
of Rl, and the output to the grid of V3 is taken from the 
positive end of Rl. In azimuth use, the rectified voltage 
across Rl increases in ratio with beam angle. For ex 
ample, if P15 is set at -65 volts, and the total voltage 
drop across Rl varies from 65 volts to 115 volts, the 
voltage at the grid of cathode follower V3 will vary from 
0 to 50 volts. Since the cathode output voltage of V3 
is a few more volts positive than the grid voltage, the 
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output across R7 will vary from 2 to 52 volts,. consider- 
ing the cathode follower gain to be unity, which is the 
proper amplitude and polarity to modulate the azimuth 
Sweeps. 

(7) When the angle coupling unit is used on the eleva- 
tion antenna, switch SW1 is thrown to the elevation posi- 
tion, thus the positive end of Rl is connected through to 
the slider of P14 which is located on the synchronizer 
chassis. Potentiometer P14 establishes the voltage level 
of the positive end of Rl with respect to ground, and the 
output to the grid of V3 is taken from the negative end of 
Rl. The rectified voltage across Rl decreases with in- 
creasing antenna beam angle, and therefore the net out- 
put from the negative end of R1 is positive going, with 
its base level set by P14. For example, if P14 is set at 
185 volts, and the drop across R1 varies between 185 and 
135 volts, the voltage at the grid of cathode follower V3 
will vary from 0 to 50 volts as the beam angle increases. 
Again, since the cathode voltage is a few more volts posi- 
tive than the grid voltage, the cathode output voltage will 
vary from 2 to 52 volts, which is the proper amplitude 
and polarity to modulate the elevation sweeps. 

(8) In general, field adjustment of the capacity divider 
will be unnecessary since the coupling units are factory 
calibrated with the antennas with which they are to be 
used. Therefore, do not disturb the capacitor settings or 
switch SW1 under normal conditions. If it becomes 
necessary. however, to install an angle coupling unit on a 
replacement antenna or to install a new angle coupling 
unit, the adjustment of C2 and C3 must be checked to 
insure that the output-voltage curve matches the antenna- 
beam curve. Instructions for performing this calibration 
‘against the radiation curve for a particular antenna will 
be found in chapter 3. paragraphs 56 and 57 of TM 
11-13-43. 


72. COMMUTATOR UNIT SA-40/MPN-1. . 


a. General. (1) As was previously stated, the azi- 
muth and elevation antenna beams occur alternately, one 
remaining stationary while the other scans. Since the 
azimuth and elevation indicator sweeps are electrically 
synchronized with the antenna beam direction by Angle 
Coupling Unit CU-14/MPN.1, they also have an alternat- 
ing scanning motion, remaining stationary between sweeps. 
This would ordinarily result in a “piling up” of signals, 


producing a brilliantly illuminated line at the two edges’ 


of the indicator sweep scan. The commutator unit pro- 
vides a means for preventing these signals from appear- 
ing while the sweep is stationary at the edge of the 
scanned area. The application of this voltage output to 
the indicators, and likewise | to the receiver where ‘it is 
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Figure 191. Angle Capacitor Unit CU-15/MPN-1, voltage 
and beam angle relationships. 


used to vary the gain during the alternative periods of 
operation, takes place in the synchronizer. 

(2) Two photoelectric commutator units are located in 
the switching unit for operation and stand-by use. They 
are placed on opposite sides of the second pair of semi- 
circular brass shutter cams revolving about the main 
drive shaft (fig. 103). No physical contact is made with 
the shutters, the voltages being developed through the 
alternate interruption of light beams directed at the 
photocells. Since the shutters correspond in position to 
those used in the r-f channel switch, the voltages developed 
by the photoelectric cells are in synchronism with the 
direction of the antenna feed. 


b. Electrical Circuits. The schematic diagram of 
the commutator unit is shown in figure 192. The unit 
cunsists of a light source LM1 and two photoelectric cells, 
V2 and V3, mounted in metallic housings which are 
slotted and aligned so that only narrew beams of light 
from LM1 can reach the cathodes of the photocells. The 
shutters are so designed that the azimuth photocell is dark 
and the elevation photocell receives light from the source 
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while the elevation antenna is energized and vice versa. 
(1) The photocells are connected in the grid circuits of 
two cathode follower triodes, Vl(a) and V1l(b) (6SN7- 
GT). The square wave output of the photocells has a 


duration equal to the scanning time of the antenna beams, 


thus requiring direct coupling from photocells to indicator 
circuits in order to maintain a flat-topped voltage wave. 
In order that the square waves will be at the proper 
voltage level for application to the circuits in the syn- 
chronizer, the cathode followers are operated at a poten- 
tial below ground, the plate being at a —102 volts and 
the cathode at a —210 volts. Resistors R3 and R4 form 
a voltage divider across the two negative voltages sup- 
plied externally, the junction point of R3 and R4 being 
approximately —137 volts. Each photocell is connected in 
series with a 33-megohm resistor, R2 and R5, thereby 
forming a voltage divider circuit across R4 and its as- 
sociated 73-volt drop. The junction of the photocell and 
resistor is connected to the grid of the corresponding 
cathude follower. 

(2) When the photocell is not illuminated, its resistance 
is high, of the order of 70 megohms. Thus the voltage 
applied to the cathode follower grid will be low, ap- 
proximately 3.5 volts above the —210-volt supply. In this 
condition the output voltage at the cathode of the cathode 
follower will be about —204 volts. 

(3) When the photocell is illuminated, it will conduct 
and its resistance will fall to approximately 11.5 megohms. 
Thus the voltage applied to the grid of the cathode fol- 
lower will increase to 15.6 volts above the —210-volt 
supply, developing an output voltage of -192 volts on 
the cathode of the cathode follower. Hence the output 
will be a square wave having an amplitude limit at 
-204 volts and —192 volts with respect to ground, con- 
stituting a voltage swing of 12 volts. 


| (4) The voltage outputs of the two cathode followers, 


Vi(a) and V1(b), are identical in form if the photo- 
cells are matched, but are displaced in time so that the 
one is in the positive portion of the square wave while the 
other is in the negative portion. . 

(5) Transformer Tl supplies filament power for cathode 
follower tube V1, as well as power for the light source 
LM1, an automobile headlight-type lamp. LM1 operates 
at only 5 volts instead of the rated 6 to 8 volts, in order 
to provide a longer life, and the light source has sufficient 
thermal capacity so that the light is not appreciably 
modulated by the 60-cycle a-c supply. Line voltage varia- 
tion, or illumination change from the light source will 
not cause any serious difficulties, since the 12-volt output 
swing is more than sufficient for its purpose. 

(6) The square wave outputs of the commutator unit are 
applied: to the azimuth-elevation commutator circuit on 
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the synchronizer chassis (ch. 3, sec. V) where they are 
used to alternately blank the elevation and azimuth tubes. 
73. ANTENNA FOLLOWER ASSEMBLIES. 

a. General. The antenna follower assemblies in Radio 
Set AN/MPN-1, shown in figure 193, provide a means 
of tracking an approaching aircraft in azimuth with the 
elevation antenna and in elevation with the azimuth an- 
tenna. A means of tracking is required since the narrow 
beam width of the two antenna arrays is not sufficient to 
continuously illuminate an approaching airéraft over the 
entire length of its glidepath. A separate foot-pedal servo 
system is used with each of the two antennas. Since the 
elevation tracker does not hi ‘e sufficient information to 
aim the antenna in azimuth, the azimuth tracker per- 
forms this operation. Similarly, the elevation tracker 
aims the elevation antenna in azimuth. 

b. Elevation Antenna Follower Assembly MX- 
45/MPN-1. The elevation antenna follower assembly 
comprises a foot-pedal servo, coupled to the elevation 
antenna through a cable and pulley arrangement. In 
addition, the pedals are connected to a pair of servo 
cursors superimposed on the faces of the azimuth indi- 
cators (detail B of fig. 193). Since the azimuth tracker 
has a clear picture of the scanned area in azimuth, it is 
easy for the tracker to position the elevation antenna in 
azimuth. The servo cursors, or angle indices, are trans- 
parent only in a narrow V-shaped area whose point is 
at the vertex of the tube map area. The system is mounted 
so that the cursor pivots about this vertex, and the 
angular transparent area represents the azimuth width 
and direction of the elevation scanning beam. Thus, as 
long as the azimuth tracker operates the foot pedals to 
keep the echo signal within the transparent area, the 
elevation antenna will be properly positioned in azimyth 
to scan the target aircraft. 

c. Azimuth Antenna Follower Assembly MX- 
47/MPN-1. The azimuth follower, associated with the 
elevation indicator and elevation director assemblies, is 
identical in function to the elevation antenna follower. 
In this case, the elevation tracker operates a set of foot 
pedals to properly position the azimuth antenna with 
respect to the elevation of the target. Servo cursors 
located over the faces of the elevation indicator tubes are 
controlled by the foot pedals and pivot about the vertex 
of the scanned areas (detail A, fig. 193). The system is 
set up 80 that the transparent angular area on each cursor 
represents the width and direction in elevation of the 
azimuth antenna beam. Thus, as long as the elevation 
tracker operates the foot pedals to keep the echo signal 
within the transparent area, the azimuth antenna is 
properly positioned in elevation to scan the target. The 
method of mechanical coupling is shown in figure 193. 
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Figure 193. Precision antenna follower assemblies. 
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CHAPTER 4 


ASSOCIATED EQUIPMENT 


SECTION I 
POWER DISTRIBUTION SYSTEM 
74. DESCRIPTION. Primary power from the two 


Power Equipment PE-127-A units, or from an external 
commercial power source, is supplied to all components 
of Radio Set AN/MPN-1 through Power Distribution 
Panel SB-1/MPN-1. Provision is made for channel 
switching so that either channel A or B, but not both, 
may be operated at one time. The 6-volt ceiling light 
system is provided for emergency use. This lighting 
system is independent of the remainder of the power 
distribution system and is operated on the battery of 
the prime mover. 


73. POWER DISTRIBUTION SUPPLY. 


a. Commercial Power. When commercial power is 
used, power lines from the external commercial power 
source are connected to Junction Box J-29/MPN-1, on 
the outside of the trailer. The power is fed to a voltage 
regulator system on the commercial side of the main 
switch on the power distribution panel. This regulator 
system does not function when the generators are in use. 


b. Generator Power. When generator power is used, 


the output of the two gasoline-driven generators is fed 
from the prime mover and Junction Box J-31/MPN-1, 
through polarized cables to Junction Box J-30/MPN-1, 
and then to the generator side of the main switch on the 
power distribution panel. Each generator connects to 
a different group of circuits (figs. 194 and 198). The 
voltage of each generator .is regulated separately by the 
Silverstat regulator on each of the generator control 
panels. Detailed information’ will be found in the In- 
struction Book for Power Equipment PE-127-A, supplied 
with Radio Set AN/MPN-1. Should an emergency arise 
in which it is required to operate the equipment using 
but one power unit, a patching arrangement at the junc- 
tion boxes makes this possible, provided that the reserve 
radar channel is shut’ down, the air conditioner is dis- 
connected, and other current drawing outlets are reduced 
to the absolute minimum. 
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c. Six-volt Battery Supply. There are two systems 
of ceiling lights (fig. 198), one fed with 117 volts ac 
from Power Distribution Panel SB-1/MPN-1 and the 
other from the 6-volt battery of the prime mover. It is 
possible to operate both systems together although gener- 
ally only one system is used at a time. The battery-fed 
system is for emergency use only and is completely inde- 
pendent of other power supply circuits except for the 
use of the same common return lead, C17. The emergency 
ceiling lights are connected through individual snap 
switches and their own set of door interlocks to the prime 
mover battery, through the 6-volt cable connection be- 
tween Junction Box J-30/MPN-1 and Junction Box 
J-29/MPN-1 


d. Battery Charger. The 6-volt prime mover battery 
is charged by a tunger charger which is included in the 
spare parts for the radio set. The circuit of the charger 
is shown in figure 195. Instructions for operation and 
maintenance are included with the unit. 


76. EXTERNAL VOLTAGE SUPPLY CONNEC. 
TIONS. 


a. 115-volt Source. In this case, as is the case for 
all operation of the radio set, the ground terminal is 
securely connected to a ground stake. One lead from the 
115-volt source is connected to the common terminal on 
Junction Box J-29/MPN-1. The second lead is connected 
to the 115V AC terminal. 


b. 230-volt, 3-wire Source. In this voltage supply 
system, the voltage between two of the three wires will be 
230 volts. The third wire, called the common or neutral 
wire, will have a voltage of 115 volts existing between it 
and each of the other two wires. This neutral wire is 
connected to the COMMON terminal of the commercial 
power junction box. The second and third wires of the 
system are connected to the 115V AC and 230V AC term- 
inals. The phase of the connections is unimportant. 


c. 230-volt, 2-wire Source. In certain cases, the 
only external power source available will be a 230-volt, 
2-wire source. In such a case, no wire is connected to the 
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Figure 194. Power Distribution Panel SB-1/MPN-1, 
schematic diagram. 
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Figure 195. Battery charger, schematic diagram. 


COMMON terminal on the junction box. The two leads 
from the power source are connected to the 1ISV AC 
and the 230V AC terminals. Ground return is now 
through the center tap of the auto transformer, which is 
connected to the COMMON and to the GROUND termi- 
nals on the junction box. This system may be used only 
when neither line from the power source is grounded. 


WARNING: Do not connect a 230-volt, 2-wire 
grounded system. The result will be doubling 
all supply voltages to the radio set. Do not con- 
nect any 230-volt system to the COMMON and 
230V AC. terminals. This system must be con- 
nected to the 115V AC and 230V AC terminals. 


77. VOLTAGE REGULATOR UNIT CN-3/MPN.1. 
The voltage regulator system (fig. 196) consists of an 
autotransformer rated at 20 kva, Voltage Regulator Unit 
CN-3/MPN.-1, and a regulator control panel. The com- 
mercial power supply is connected to the junction box 
as described above. The three terminals of the junction 
box are connected to the taps of the autotransformer, from 
which the 115-volt output is fed to the voltage regulator 
unit. The output of the voltage regulator unit is con- 


trolled by a contact-making voltmeter and a motor control 
relay mounted on the voltage regulator control panel, 
and is fed directly to the power distribution panel. One 
line is connected to both poles on one throw of the main 
switch SW21. The other line, used as the common line, 
is attached directly to the common block in the power 
distribution panel and to the ground lug in the commer- 
cial power junction box. 


78 INDUCTION VOLTAGE REGULATOR 
ASSEMBLY. 


a. General. The induction voltage regulator unit is 
designed to produce a steady output voltage of 117 volts 
through variations of up to 10 percent of the nominal 
115-volt input supply. Manual control of the voltage 
output may be effected by means of a handwheel located 
at the top of the regulator. Usually, the system is auto- 
matically controlled by the voltage control panel. which 
comprises the contact-making voltmeter and a motor 
control relay. The voltage contro] panel has a three- 
position switch which permits either automatic control, 
manual control, or circuit testing. In the automatic posi- 
tion, the contact-making voltmeter regulates the output 
voltage to hold it at the predetermined level. In the man- 
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b. Regulator Unit. (1) The basic regulator circuit 
(fig. 197) consists of a rotor winding connected across 
the input line, and a stator winding connected in series 
with the line. They are magnetically coupled to form a 
continuously variable autotransformer. This coupling is 
arranged so that the induced voltage may either add to or 
subtract from line voltage, according to the position of 
the rotor. Limit switches mounted on the rotor assembly 
prevent operation of the regulator outside. its working 
limits. 


(2) In addition, the regulator has a short-circuited wind- 
ing with a phase displacement of 90 degrees relative to 
the rotor winding. This winding has the effect of equaliz- 
ing the losses and the reactance of the regulator when 





TL 36243 PANEL (3) The rotor is driven over a limited arc by a reversible 
Figure 196. Voltage regulator system, simplified 
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ual position of this switch, the regulator output is ad- 


justed by RAISE and LOWER push-button switches on 








motor whose direction of rotation is governed by motor 
control relays in the voltage control panel. This motor 
has a high starting torque for rapid acceleration and it is 
capable of changing the output of the regulator from 
maximum to minimum in -}0 seconds. For emergency 
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Figure 197. Voltage Regulator Unit CN-3/MPN-1, 


schematic diagram. 
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Figure 198. Power distribution control circuit. 
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operation, there is a handwheel at the top of the motor 
shaft which permits adjustment of the voltage when the 
motor or voltage control panel is inoperative. 


c. Voltage Control Panel. The voltage control panel 
consists of a contact-making voltmeter, motor control 
relays, andl a number of control switches. 


(1) The contact-making voltmeter is a spring loaded 
solenoid. The solenoid arm operates a set of single-pole, 
double-throw contacts mounted on a pivoted beam. With 
no input voltage, contact 1 is closed. As the input voltage 
is increased, the pole on the solenoid begins to overcome 
the tension of the spring, until contact 1 is broken. At 
this instance, neither contact 1 nor contact 2 is com- 
pleted and no regulation takes place (fig. 197). As the 
voltage rises still further, the pole of the solenoid causes 
contact 2 to be completed. The difference in voltage 
between the breaking of contact 1 and the making of 
contact 2 is called the band width; as long as the output 
voltage remains within these limits, the regulator is in- 
operative. The band width is adjusted by raising or 
lowering the fixed contacts of the switch contact-maker, 
thus altering the distance of travel between the break of 
one set of contacts and in the make of another set. The 
tension of the loading spring determines the voltage 
around which regulation takes place. Holding coils, 
mounted above and below the contact beam, are ener- 
gized when their respective contacts are closed. When 
one set of contacts is closed, the associated holding coil 
exerts a force on the contact beam to hold the contacts 
together until the voltage has been restored to a value 


beyond that at which the contacts closed. These holding 


coils prevent arcing at the contacts and produce positive 
regulating action. 


(2) The two motor control relays (raise and lower) are 
operated either from the manual push-button switches or 
from the contact of the contact-making voltmeter switch. 
When the “lower” relay is energized, the rotor of the 
control motor is driven in such a direction as to induce a 
‘voltage into the stator which opposes the supply and 
reduces the regulator output. The “raise” relay causes 
the rotor to be driven in the opposite direction and the 
output voltage to rise. | ) 


(3) The AUTOMATIC-RAISE-TEST switch is a three- | 


position switch which enables the regulator to be oper- 
ated automatically by the contact-making voltmeter, 
manually by the RAISE and LOWER switches, or by both 
methods for test purposes. In general, only the AUTO- 
MATIC position of this switch will be used during opera- 
tion. The other two positions are for emergency and test 
purposes. 
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79. REGULATOR UNIT FUNCTIONING. 

a. Low Supply Voltage. First consider the case when 
the output voltage drops below the allowable limit. As 
the voltage approaches the lower limits of the band, | 
contact 1 of switch CMVC (contact-making voltmeter 
contact) approaches the fixed contact of this switch. At 
the lower limit, contact 1 closes and connects the raise 
relay coils across the primary line. Energizing this relay 
closes the raise relay contact. The auxiliary winding, or 
holding coil, which is connected across the relay, is also 
energized, increasing the effect of the solenoid by clamp- 
ing contact 1 more firmly against the fixed contact point. 
This action continues until the regulator output voltage 
has increased sufficiently to supplement the pull of the 
solenoid and to overcome the holding coil. Contact 1 will 
then be broken and the raise relay coil will be de- 
energized. When the raise relay contact is closed, the 
motor is driven to change the coupling between the rotor 
and the stator of the regulator. Direction of rotation is 
such as to cause the induced voltage to add to the line 
voltage, and the regulator output to increase to a point 
within the prescribed limits of voltage. 


b. High Supply Voltage. When the supply voltage 
increases and causes the output voltage to increase beyond 
the upper allowable limits, the pole of the solenoid over- 
comes the tension of the spring an amount sufficient to 
allow contact 2 of switch CMVC (fig. 197) to close. This 
energizes the “lower” relay coil and its contacts close. 
The closing of these relay contacts drives the regulator 
motor in a direction to change the couplings between the 
rotor and stator and reduce the regulator output. A sec- 
ond holding coil operates to hold contact 2 firmly in 
position until the change in solenoid voltage is sufficient 
to cause it to overcome the action of the holding coil. For 
any voltage variations inside the band, the moving arms 
of switch CMVC are in motion but never reach either 
contacts 1 or 2. 


c. Manual Control. With the selector switch on the 
control panel in the MANUAL position, the contacts of 
the contact-making voltmeter are out of the circuit. In- 
stead, the RAISE and LOWER push-button switches are 
connected in series with the raise and lower relays across 
the a-c supply line. These switches replace the contacts 
of the contact-making voltmeter and control the operation 
of the voltage regulator motor. Depressing the RAISE 
button energizes the raise relay and closes its contacts, 
causing the motor to drive the regulator rotor to raise 
the output voltage. This increase of voltage will con- 
tinue until the RAISE button is released or until the limit 
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Figure 199. 4KV relay control circuit. 
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switch is broken at the limit of rotor travel. When the 
limit switch circuit is broken, the supply to the motor is 
interrupted and the rotor position does not change. Press- 
ing the LOWER button operates the lower relay and the 
reverse action takes place. Another limit switch also 
limits rotor travel in this direction. 


d. Test Position. With the selector switch in the 
TEST position, both automatic and manual control cir- 
cuits are brought into play. This position is intended 
only for use in setting up the band width of the regulator. 
Adjustments of the regulator are discussed in chapter 9. 


80. POWER DISTRIBUTION PANEL 
SB-1/MPN-1. 

a. Main Switch Connections. Primary power from 
the two Power Equipment PE-127-A units, or an external 
commercial power source, is supplied to all components 
of Radio Set AN/MPN-1 through Power Distribution 
Panel SB-1/MPN-1 (figs. 194 and 198). When the main 
switch SW24 is in the GENERATOR POWER position, 
the line voltage from either power unit can be applied 
across the a-c voltmeter M1 (fig. 198) through a single- 
pole, double-throw switch by placing it in the GEN 1 or 
GEN 2 position. With the main switch in the COMMER- 
CIAL POWER position, and with power supplied from 
an external commercial source, line voltage can be read 
at either position of the voltmeter selector switch SW20. 
Two amber dial lights, LM3 and LM4, connect to the 
high sides of the power input mains at the main switch 
and indicate when power units are operating. 


b. Circuit Breakers. A group of 20-ampere circuit 
breaker switches, Nos. SW1 to SW16 inclusive (SW15 is 
25 amperes), control the application of power to all 
components except the air conditioner. These circuit 
breakers, SW1-SW16, are not adjustable and will trip 
at their rated overload current. When tripped, they will 
stay in the tripped position (see plate on power distribu- 
tion panel) until reset by moving handle as far as pos- 
sible beyond the OFF position and then throwing the 
handle to the ON position. Circuit breaker SW15 is 
clamped in the ON position and cannot be turned off 
without removing the clamp. This is done to insure that 
the rack blower motors which it supplies will always be 
ON when power is supplied to any of the circuits. The 
hydraulic motor is also connected to circuit breaker SW15 
through a start-stop button. As indicated in the simpli- 
fied schematic (fig. 198), circuit breakers SW9-SW16 
(except SW12) are supplied directly from the main 
switch. Circuit breaker SW11 controls the 4-kv power 
supply circuits (fig. 199). Switches 1 to 8 inclusive are 
divided into two groups, with switches 1, 3, 5, and 7 fed 
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through the channel A PREHEAT switch and switches 
2, 4, 6, and 8 fed through the channel B PREHEAT 


switch. 


c. Preheat Circuits. Circuit 5, supplying preheat 
voltages for channel A precision system components, and 
circuit 7, supplying preheat voltages to the r-f system 
components of channel A, are controlled by the A PRE- 
HEAT switch SW21. Throwing the A PREHEAT switch 
also completes the circuit for the green dial light LM1 
which indicates that A PREHEAT circuits are connected. 
Similarly, switches 6 and 8 operate through the B PRE- 
HEAT switch SW23 for the corresponding components 
in channel B. Green lamp LM6 indicates that switch 
SW23 is on. Switches SW21 and SW23 are single-pole 


single-throw switches. 


d. Transmit Switch Circuits. Time meter MZ is 
connected to the contacts of TRANSMIT switch SW22 
to register operating time when the switch is thrown to 
either operating position. Circuit breakers SWI and 
SW3 are connected to one side, and SW2 and SW4. to the 
opposite side of the double-throw TRANSMIT switch. 
Breaker SW] supplies the circuits for channel A transmit 
voltages to the 500-volt, 300-volt, and the negative rectifier 
power units. SW3 supplies the transmit circuit for the 
channel A high-voltage rectifier. Circuit breakers SW2 
and SW4 complete the circuits to the corresponding com- 
ponents in channel B. With these four circuit breakers in 
the ON position, channel selection is made by the use of 
the TRANSMIT switch. The TRANSMIT switch also 
completes the circuit to either of the red dial lights, LM2 
and LMS, depending upon which channel is in operation. 
A further contact in the B position of this switch com- 
pletes the circuit through circuit breaker SW12 which 
actuates the change-over relays, all of which are paralleled 
across the a-c line controlled by this switch. 


e. Auxiliary Switch Circuits. ON-OFF control for 
the antenna drive motors is provided by small standard 
switches SW17 and SW19. SW17 is fed through SW9 and 
controls the motors driving Switching Unit SA-8/MPN.1, 
the precision antenna scanning drive. For details on the 
operation of the precision antenna scan motors see figute 
200. The precision ANTENNA FAST-SLOW switch, SW1 
on the azimuth director in bay 3 of the indicator rack, con- 
trols relays (fig. 420) which determine whether the fast 
or slow speed precision antenna motor will operate. The 
inside and outside safety switches controlling the motors 
must be in the closed position. The motor driving the 
search antenna is controlled through a number of switches 
and relay RY1 in the power distribution panel. The 
search antenna motor gets its power through circuit 
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breaker SW10 and the contacts of relay RY]. Relay RY1 
is controlled by switch SW19, the search antenna switch 
on the roof of the trailer, the search antenna switch in 
bay 5, and circuit breaker SW10. SW18 controls the IFF 
power outlet line. In the wiring from the distribution 
panel through the racks, a single lead is used for each 
circuit. 


f. Communication. The grouping of communica- 
tions equipment places all components on circuit 13. 
Radio Receivers BC-342-N, Rectifier Power Unit PP- 
100:MPN-1, Rectifier Power Units PP-28/MPN-1, Recti- 
fier Units RA-62, and the intercommunications amplifier 
and microphone supplies to the approach indicator, re- 
ceive 117 volts a-c from this circuit. Radio Sets SCR- 
522-A are each supplied power from an RA-62, the 
SCR-274-N transmitters from their associated Rectifier 
Power Units PP-28;MPN-1. and the Tower Receiver 
BC-1206 (beacon receiver) from the PP-100/MPN.-1 recti- 
fier. Switches at ‘each input on Rectifier Units RA-62 and 
Rectifier Power Units PP-28/MPN-1 permit shutting 


down any transmitter without breaking the entire circuit. 


81. TRANSMIT CIRCUIT CONTROL. 


a. Preheat Filament Supply. To permit sufficient 
warm-up time for vacuum tubes, the application of trans- 
mit voltages to the various components is delayed through 
the use of time delay relays (RY5 for channel A and RY6 
for channel B) in Control Box C-61/MPN-1 (fig. 201). 
In the starting operation, the preheat switches are closed 
before the transmit switch, though if the transmit should 
be closed first no harm will result as the transmit circuit 
will not be closed until the time delay relays have oper- 
ated. Closing the préheat channel A, switch SW2] feeds 
the corresponding circuit breakers SW5 and SW7. 
Through circuit breaker SW7, the filaments of the trans- 
mitter high-voltage power supply, the modulator, and 
S- and X-band transmitter and their corresponding fan 
motors will be immediately energized as well as the time 
delay relay RYS. Circuit breaker SW5 feeds filaments of 
the channel. A precision components. Preheat channel B 
switch SW23 feeds the corresponding channel B preheat 


circuit breakers SW6 and SW8 duplicating the filament 


circuits of channel A and energizing the time delay relay 
RY6. Though only one channel is operated at a time, 
both channels may be prepared for instant operation by 
having all the preheat switches closed. 


—b. Transmit Plate Supply. When the transmit switch 
is thrown to either channel in the starting operation the 
transmit voltage is supplied to Control Box C-61/MPN-1. 
No plate voltage can be applied to the magnetron until 
the time delay relay RY5 for channel A or RY6 for 
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channel B has completed its 1-minute cycle. Operation 
of the time delay relay closes contacts in the transmit 
circuit and allows voltage to be applied to the plate con- 
tactor relay RY] for channel A or RY2 for channel B in 
Control Box C-61/MPN-1. The circuit applying this 
voltage is completed through the interlock switches in 
the corresponding high-voltage rectifier, the modulator, 
the two transmitters, and the overload current relay RY3 
for channel A or RY 4 fot channel B, in Control Box C-61. 
All of these contacts being in series, it is necessary that 
they be closed before the start of high-voltage operation. 
The RESET A button on the front panel of Control Box 
C-61 must be pushed in for RY3 to close each time it trips. 
The RESET B push button works in a corresponding fash. 
ion for RY4. 


82. CHANNEL SWITCHING. 

a. X-band Channel Switching. Channel switching 
in the X-band radio frequency unit is accomplished by 
the insertion of a movable vane in one of the two wave- 
guide branches from the two magnetrons. These vanes 
are driven by an electric motor whose period of operation 
is controlled by a microswitch. Voltage is supplied 
to the change-over motor from the a-c transmit line 
through the single-pole, double-throw contacts of the 


_ microswitch. The position of the contacts in the micro- 
switch is determined by one of the switch blades acting 


as a semicircular cam. The switch contacts select the 
supply voltage for the motor from either the A transmit 
or B transmit line. 


b. S-band Channel Switching. A pivoted waveguide 
section is used for channel switching in Radio Frequency 
Unit RF-7/MPN-1. A half revolution of the switch sec- 
tion is still required to change channels, and the motor 
control arrangement is identical to that of the X-band 
unit. However, the cam which operates the microswitch 
serves no other purpose than that of waveguide position- 
ing. In both the X-band and S-band systems it is essen- 
tial that the variac on the channel to be selected is set at 
zero, and no voltage be applied from this variac until 
switching action in the r-f units is completed. 


c. Switching Motor Action, Channels A to B. 
Discussion in the following paragraphs apply to the 
action of both the X-band and S-band r-f units. When 


changing from channel A to channel B, the cam holds 


the microswitch in such a position as to complete the 


motor circuit to the channel B transmit line; which is 
unenergized. When the TRANSMIT switch on the power 
distribution panel is thrown to channel B, this line is 
supplied with power and the motor circuit is energized. 
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Figure 201. High-voltage relay and interlock svstem. 
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Figure 203. Trigger selection circuits, functional 
block diagram. 


As the motor revolves, the r-f switching mechanism is 
changed so that the energy from the channel B transmitter 
is fed into the r-f system. The controlling cam on the 
drive shaft is likewise rotated and, upon reaching the 
proper point in the switching cycle, the microswitch 
contacts are switched to the channel A position and the 
motor circuit is completed through the channel A trans- 
mit line. Since the channel A’ transmit. circuit: is now 
dead. the motor stops with the channel switching mech- 
anism in the correct: position. 


d. Switching Motor Action, Channels B to A. 
To switch to channel A. the TRANSMIT switch on the 
power panel is thrown to the A position which activates 
the channel A transmit line. Since the microswitch con- 
nects the switching motor to the channel A circuit, the 
motor circuit is energized and the motor rotates the 
switching mechanism. At the proper point, the cam 
causes the contacts of the microswitch to switch the motor 
circuit to channel B transmit lines. The switching motor 
stops with the channel switching mechanism in the proper 
position. 


e. Switching Relay. (1) Relays are‘used for channel 
switching in certain circuits of the equipment. Alter- 
nating-current operated relays are used for this purpose 
throughout. These relays are connected in parallel to a 
single a-c line. In their unenergized position, they com- 
plete the circuits of the channel A system. To energize 


these relavs and to switch to channel Bo a pole on the 
TRANSMIT switch is connected to the a-c supply when 
the switch is thrown to the channel B position (fig. 198). 
This circuit is controlled through circuit: breaker SW12 
on the power distribution panel. 

(2) In the case of the precision svstem, channel switch- 
ing must be utilized to properly feed the output of the 
svnchronizer, sweep amplifiers, transmitting system, re- 


ceiving systtm, and power supplies in either channel to a, 


single set of indicator tubes. A similar situation occurs 
in the search system where duplicate receiving and trans- 
mitting systems are provided and one must be selected for 
use with the single indicator system. 


(3) All relays and motors of the channel switching sys- 
tem are shown in figure 202. Relays are located in the 
azimuth indicator, approach indicator, elevation indi- 
cator, and intercommunications panel. Switching motors 
are provided in both the X-band and S-band r-f units. 
The relays may serve either the precision system or the 
search system, or both, regardless of their physical loca- 
tion. Actual circuits switched by the relays are shown 
on the diagram in figure 202. 


f. Trigger Selection. Relay RY1 in the approach 
indicator unit controls the selection of trigger voltages 
from the two synchronizer units. Positive and negative 
trigger voltages are brought to contacts on this relay with 
either channel being selected-for application to the search 
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centrals and the modulators by the relay action. A fur- 
ther selection takes place in the intercommunication panel. 
The precision system triggers are used to initiate the 
search central and modulator operations except when a 
screwdriver adjustment switch in the center of the inter- 
communication panel permits selection of triggers from 
the synchronizer or from either one of the search cen- 
trals. When operating on channel A, any one of the three 
triggers selected is applied through relay RY1 on the 
intercommunications panel to the channel A modulator. 
When RY1 is operated by’ throwing the TRANSMIT 
switch to channel B, the selected trigger pulse goes to the 
channel B modulator. Figure 203 summarizes the course 
of the various trigger voltages and the means of selecting 
them. 


SECTION Il 
POWER SUPPLY CIRCUITS 


83. RECTIFIER POWER UNIT PP-22/MPN-1. 
Two Rectifier Power Units PP-22/MPN-1 are included in 
Radio Set AN/MPN.1, one for each of channels A and B. 
The channel A unit is located at the bottom of bay 2 of 
the indicator rack; the channel B, at the bottom of bay 3. 
Each unit supplies in its channel a regulated 300-volt 
source for the synchronizer and the elevation and azimuth 
sweep amplifiers’ indicators, and angle coupling units. 
The elevation indicator receives its 300 volts from power 
supply A or B, depending upon which one is in operation, 
via the azimuth indicator. A channel relay is contained 
in the latter for this purpose. Electronic regulation is 
utilized in this rectifier to maintain the d-c output voltage 
constant over considerable load and input voltage varia- 
tions. In the following discussion refer to figure 204 for 
a complete schematic of the unit. 


a. When the preheat switch in the power distribution 
panel is closed, 117 volts are applied directly to filament 
transformers T] and T2, supplying filament voltage to all 
tubes in the unit. When the transmit switch in the power 
distribution panel is closed, 117 vqlts are applied to the 
primary of high-voltage transformer T3. The transmit 
supply to the primary is fused by F1 in the 500-volt recti- 
fier power unit of the same channel. 

b. The output of transformer T3 is applied to a full- 
wave bridge-type rectifier circuit (fig. 205) composed of 
tubes V1 to V4 (SR4GY). The rectified output is taken 
between ground and the center tap of the‘filament wind- 
ings supplying tubes V1 and V2. Choke LI] and capacitor 
Cl act as a basic filter circuit. 

c. Following .the filter circuit are the paralleled regu- 
lator tubes V5 to V11 (6B4G), placed in series with the 


output line as a means of developing a regulated voltage 
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across bleeder resistor network R17, Pl, and P2. Tubes 
V5-V11 are connected in parallel in order to provide 
sufficient current-carrying capacity. The simplified sche- 
matic diagram (fig. 206) shows only one regulator tube. 
since the action of all these tubes is identical. 


d. In series with the grids of the seven regulators is 
control tube V12 .(6SJ7-GT). The cathode of this tube is 
maintained at a fixed reference voltage of 105 volts by 
V13 (VR-105) which is located between the cathode of 
V12 and ground. The grid bias of V12 is adjusted by 
the variable tap on potentiometer Pl. By means of this 
tap the output voltage of the power supply is set at 300 
volts. 


e. The regulation action of the circuit is as follows: 

(1) Let us suppose that the output load decreases; that 
is, the voltage across the bleeder network increases. V12 
will draw more current because of the increased grid 
voltage obtained from the tap on PI. Consequently, the 
iplate voltage of V12 will decrease. Since the plate of 
V12 is connected to the grids of tubes V5-V11, the grid 
bias on the latter will become more negative, thereby in- 
creasing the voltage drop across them. Thus the output 
voltage will fall again to approximately 300 volts. A 
similar argument holds for the case in which the output 
“oltage decreases. 
(2) Since the regulation circuit depends upon action and 
reaction between the tube element voltages of V5-V11 
and those of V12, a slight oscillatory condition is set up 
between the regulator tubes and the control tube. This 
results in a small amount of hunting, due largely to vari- 
ations in the voltage from the bridge rectifier. Here there 
is a steady 120-cps ripple superimposed on the positive 
d-c voltage at the plates of the regulator tubes. To stabil- 
ize the regulating circuit for this ripple variation, a small 
amount of input voltage from the basic filter is applied 
across a portion of the bleeder circuit determined by the 
setting of P2. When the input voltage rises above the 
average value, the voltage drop across the grounded por- 
tion of P2 is increased. This raises the tap potential of 
Pl to a slightly higher value than it would have otherwise 
and causes a slightly greater drop across tubes V5-V11. 
(3) The small resistors in the grid and plate circuits of 
tubes V5-V11 dampen out any parasitic oscillations that 
may develop in these tubes. 

f. Regulation from this circuit is good over a wide 
range of both input and load variations. Extreme ac- 
curacy of regulation is necessary in all the power recti- 
fiers of Radio Set AN/MPN.-1, since there are abrupt load 
variations 2,000 times a second whenever the set is oper- 
ating. 


84. RELAY ASSEMBLY RE-3/MPN-1. The relay 
assembly is housed just below the plane selector’s desk 
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Figure 204. Reetifier Power Unit PP-22/MPN-1 
(300-volt power sypply), schematic diagram. 
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Figure 205. 300-volt bridge rectifier, simplified 
schematic diagram. 


in bay 4 of the indicator rack. The purpose of this relay 
is to switch on and off the 4-kv (kilovolt) anode supplies 
for the cathode-ray tubes. Under ordinary operating con- 
ditions, Rectifier Power Unit PP-23/MPN-1 No. 1 sup- 
plies the four precision indicator tubes. while unit No. 2 
supplies the two search indicator tubes, the toggle switch 
on the left side of the chassis front panel being in the 
middle of + KV #1 AND #2 ON position. When the 
switch is in the up or 4kv #1 ON position, rectifier unit 
No. 1 alone is operating and supplying 4kv to all six in- 
dicator tubes; in the down (4 KV #2 ON) position, unit 
No. 2 alone is operating. 


a. Figure 207 shows the complete schematic diagram 
of the relay assembly. Toggle switch SW1 is here repre- 
sented in its midposition, figure 208 representing the 
other two positions. The second and fourth keys in each 
of the four sets of keys are mechanically, but not electri- 
cally, connected. These are the keys rgoved by the actu- 
ating roller, labeled SW1 in the diagrams, when the 
position of the toggle switch is changed. Note that the 
roller, which is directly connected to SW1, is at its lowest 
point when the switch is in the up position and at its 
highest point when the switch is in the down position. As 
shown in figure 207 the rear view of the cam key does not 
agree with its schematic representation. The top left and 
bottom right sets of keys are shown unconnected, which 
is not the case. Actually, the ten keys on the right are 
connected in parallel with the ten keys on the left, each 
key being in parallel with the one directly opposite it on 
the other side of the roller. For a photograph of the keys 
and their connections see figure 209. 
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b. The control circuit of the 4-kv power supplies and 
the relay assembly is shown in its entirety in figure 196. 
Here the toggle switch and its associated keys are repre- 
sented by four three-position switches which are to be 
regarded as ganged together. These switches have no 
actual physical existence and are shown as such merely 
to demonstrate the action of the toggle switch. In the 
customary MID position of these switches, corresponding 
to the central position of the toggle switch, 117 volts are 
applied to the primary circuits of both 4-kv power sup- 
plies: Voltage is applied through fuse F2 to the 4-kv fila- 
ment transformers Tl and T3 and to the time delay relay. 
This relay provides a 15-second time delay between the 
application of filament and plate voltages. since its con- 
tacts are in series with the plate voltage input. For a 
further description of this relay see paragraph 93. The 
delay allows the high-voltage rectifier tubes to heat sufh- 
ciently before the high voltage is applied. When the relay 
closes, the 117-volt power source is applied to the primary 
of high-voltage transformer T2 through fuse F1. through 
interlock switches S1 and S2, and through test switch S3 
and resistor R7. In parallel with each fuse is a neon lamp 
which lights up when the fuse blows. In the central posi- 
tion of the toggle switch no voltage is applied to rectifier 
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Figure 206. 300-volt regulation circuit, simplified 
schematic diagram. 


RECT. 1 (fig. 199). Asa result, neither of the two relays 
is energized. In the UP position of the switches, corre- 


sponding to the 4KV #1 ON position (see front panel of 
‘relay box) of toggle switch SW1, 4-kv power supply No. 1 


is the only supply activated. Power is now applied to 
RECT. #1, and RELAY #2 is connected to the rectifier 
output. The metallic rod of this relay is raised, and the 
4-kv output of rectifier unit No. 1 ig now applied to all six 
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however, raises the voltage drop across the tapped portion 
of Pl plus R9, and thus increases the grid bias to V1. 
augmented bias of V1 increases the voltage drop 
oss this tube and thereby minimizes the rise in voltage 
across R3. At the same time the increased line voltage 
increases the current through R4, and hence through Pl 
and R9, to augment further the grid bias to V1. It is 
apparent that if R4 were sufficiently low, or R9 plus the 
tapped portion of Pl sufficiently high, overregulation 
would result. A suitable amount of resistance in R9 plus 
the tapped portion of Pl may be selected and, together 
with a proper adjustment of P2, will result in perfect 
regulation for line voltage’ variations. No regulation is 
required for load variation since the current drain of the 
indicator tubes is extremely small. 


c. The parallel combination of switch S3 and resistor 


R7 provides a means of testing for proper regulation of 
the unit. This switch is ordinarily closed; when it is open, 
the applied voltage to the primary of T2 is reduced by the 
voltage drop across R7. If the unit is regulated properly, 
the output voltage will remain constant whether S3 is open 


or closed. The switch control is located at the lower right- 


hand corner of the front panel over the nameplate marked 
REGULATION TEST. The switch is opened by pushing 


the control in. 


86. RECTIFIER POWER UNIT PP.24/MPN-1. 
~_/ Rectifier Power Units PP-24/MPN-1 are included in 
Radio Set AN/MPN.-1, one for each of channels A and B. 
The channel A unit is the second component from the 
bottom of bay 5 of the indicator rack; the channel B, the 
bottom component of this bay. Each unit supplies a regu- 
lated 500-volt source to the elevation and azimuth sweep 
amplifiers and angle coupling units. Electronic regulation 
is utilized in the 500-volt power supply; its operation is 
identical with that of the regulator circuit previously 
described for the 300-volt supply in paragraph 83. There 
are a few variations between the two circuits; namely, 
that the regulator tubes V5-V11 here are type 807 and the 
cathode of control tube V12 is biased to 210 volts through 
the use of two VR tubes V13 and V14 (VR-105) in series 
between the cathode of V12 and ground. The 117-volt 
transmit supply to the primary of transformer T3 is 
ipplied through interlock switch SW1 and fuse F]. Fuse 
1 is so connected that it also serves to protect the 300- 
volt rectifier power unit transmit circuit. Neon lamp NEI, 
mounted on the lower left side of the front panel of the 
unit, will glow when fuse F1] is open. See figure 211 for 
a complete schematic of the 500-volt power supply. 


87. RECTIFIER POWER UNIT PP-25/MPN-1. 
Rectifier: Power Units PP-25/MPN-1 are included in 
tyauio Set AN/MPN.-1, one for each of channels A and B. 
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The channel A unit is the second component from the bot- 
tom of bay 6 of the indicator rack; the channel B, the 
bottom component of this bay. Each unit supplies in its 
channel a —102-volt source to the synchronizer and to the 
elevation and azimuth sweep amplifiers and angle coup- 
ling units. It also supplies a —210-volt source to the sweep 
amplifiers and the synchronizer. 


a. The negative power supply consists of two rectifying 
circuits which are individually controlled by electronic 
regulation, one supplying —102 volts and the other —210 
volts. The complete schematic, of the unit is shown in 
figure 212. 


b. The 117-volt preheat voltage is applied to filament 
transformers Tl and T2 through fuse F2, while transmit 
voltage is applied to power transformer T3 through 
primary fuse Fl. Indicator lamps NEI] and NE2 are in 
parallel with fuses Fl and F2, respectively, and glow to 


indicate an open fuse. 


c. One secondary winding of T3 supplies the -102-volt 
circuit through a full-wave rectifier composed of tubes V1 
and V2 (SR4GY). A basic filter composed of L] and C2 
is connected between the cathodes of these tubes and mid- 
point (7) of T3 (fig. 213). The positive side of the cir- 
cuit is grounded and contains the series regulator tubes 
V5 to V12 (6B4G), inclusive. The output voltage appears 
across bleeder resistors Rl and R2. The grid bias on 
tubes V5-V12, and hence the voltage drop across them, 
is governed by the plate voltage of control tube V14 
(6SJ7-GT), whose grid bias is maintained constant at 
-105 volts by gas tube V16 (VR105). Any increase in 
voltage across the bleeder resistors will decrease the bias 
voltage on V14, the cathode of which is connected directly 
to the —102 volt output. This causes V14 to draw more 
current and hence drives the plate voltage more negative 
with respect to ground. This plate voltage is also the grid 
bias on the regulator tubes, whose cathodes are grounded. 
Therefore, their grid bias becomes more negative with 
respect to ground, increasing the tube drop and decreasing 
the voltage appearing across bleeder resistors Rl and R2. 
A similar discussion holds for the case in which the out- 
put voltage decreases. 


d. The other secondary winding of T3 suppiues the 
-—210-volt output circuit through the full-wave rectifier 
tube V3 (SR4GY) and through the filter circuit, L2 and 
Cl. The positive side of the circuit is again grounded 
and the regulation circuit operates in the same manner as 
the corresponding one in the -102-volt supply, the chief 
difference being that the cathode instead of the grid of 
control tube V13 (6SJ7-GT) is maintained at a constant 
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Figure 210. Rectifier Power Unit PP-23/MPN-1 
(4-kv power supply), schematic diagram. 
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Figure 211. Rectifier Power Unit PP-24 MPN-1 
(300-volt power supply), schematic diagram. 
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Figure 212. Rectifier Power Unit PP-25’MPN.-1 


(negative power supply). schematic diagram. 
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v1 
V2 
V3. 
V4 
VS 
V6 
V7 
v8 


V10 
Vil 
Vi2 
Vi18 
V4 
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V16 


Pl 


Fl 
F2 


NE 1 
NE 2 
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1 mfd 600 
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1 mfd 600 
10h 40ohms SOO MA 
10h460 ohms 65 MA 
18-3414 
15-3413 
18-3410 
Ve. No. Mfr. No. 
SRIGY 
SRIGY 
SRIGY 
6B4G 
6B4G 
6B4G 
6B4G 
6B4G 
6B4G 
6B4G 
6B4G 
6B4G 
VT-116A 6SJ7-GT 
VT-1LI6A 6SJ7-GT 
VT-200 VR 105 
VT-200 VR 105 
50,000 2W 





Littelfuse 3AG 3 Amp 
Littelfuse 3AG 2 Amp 


Littelfuse 5122 
Littelfuse 5122 


—_——S es Cl 
ae sete Te oe 


TM 11-1543 





V 
5 RACY 





Associated Equipment 


Pars. 87-88 





K 
| 1-200 v 


TL 36102 


Figure 213. Negative power supply, simplified 
schematic diagram. 


potential. The output voltage is adjusted to —210 volts 
by varying the tap on P1. which controls the grid bias of 
V13. Any increase in voltage across bleeder resistors R19. 
Pl. and R16 results in an increased bias on V13 and 
hence an increased voltage drop across V4. Regulator 
tube V4 (6B4BG) operates in the same manner as paral. 
leled tubes V5-V12 do for the —102-volt supply. except that 
the lighter current drain at this voltage permits the use 
of a single tubé to’ pass the current. 


88. CONTROL BOX C-61/MPN-1. 

a. Function. Control Box C-61/MPN.1 is the top 
component of bav 8 of the transmitter rack. It controls 
the high voltage supplied to the transmitter in both A and 
B channels. In addition. there are two meters on the front 


panel of the unit. which. together with their associated 
circuits and switches. provide the measurements listed 
below. In all cases the values given by the meters are 
average values. A complete schematic diagram of the 
control box mav be found in figure 214. 


(1) S-BAND METER. 

(a) Grid current of modulator switch tube V4: I 
GRID Sl. 

(6) Grid current of modulator switch tube V5: | 
GRID S2. 

(c) Rectifier load current through the -high-voltage 
doubling circuit: | RECTIFIER X 100. 

(d) Rectified d-c current of the S-band crvstal mixer: 
I XTAL “S”, 
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(e) Modulator S-band high voltage: X 20K H.V. “S”. 


(f{) S-band magnetron current: X 40 I MAG “S”. 
(2) X-BAND METER. 

(a) Grid current of modulator switch tube V6: I 
GRID X1. 

(b) Grid current of modulator switch tube V7: I 
GRID X2. 

(c) Rectified d-c current of the X-band crystal mixer: 
I XTAL “X”. 

(d) Modulator X-band high voltage: X 20K H.V. “X”. 

(e) X-band magnetron current: X 40 I MAG “X”. 


b. Control Circuit. The high-voltage control circuit 


(hg. 201) consists of a series of relays and interlocks 


and a variac which transmits power to the high-voltage 
primary of the transmitter HVPS. There are two inde- 
pendent control circuits, one for each of the two channels. 
The S-band high voltage is adjusted to its proper value 
by means of the yariac control. No high voltage will 
appee~ until the ciicuit shown in figure 201 is completed. 
When the high voltage is on, one of the two channel lights 
(A or B) will be illuminated, depending upon which chan- 
nel is in operation. in order for the high-voltage primary 
to be energized it is necessary for the normally open 
PLATE CONTACT RELAY to be closed. This requires 
the closing of the four interlock switches and the contacts 
of the other two relays. 


(1) The interlocks of the modulator, the two radio fre- 
quency units, and the transmitter HVPS must be closed 
to complete the high-voltage circuit. The interlock switch 
for each unit is bypassed by a cheater switch for test 
purposes. It should be noted that the channel switching 
motors of both radio frequency units and the capacitor 
discharge relays of the modulators are connected to the 
interlock system and cannot operate unless ‘the interlock 
circuit is completed. 

(2) The TIME DELAY RELAY contacts are closed 1 
minute after power is first applied. For a description of 
this relay and the method of adjusting it see paragraph 93. 


(3) The OVERCURRENT RELAY contacts are normally 
closed. A short or an unusually heavy load in the high- 
voltage circuit will operate the OVERCURRENT COIL 
and open these contacts. When that has occurred and the 
trouble has been corrected, the contacts may be closed 
again by pressing the RESET switch. A discussion of 
this relay may be found in paragraph 94.. | 


c. Metering Circuits. There are five switches in the 
control box, only three of which are used in the metering, 
circuits. The other two are the remote reset switches 
described above. Switch SW1 controls the channel switch- 
ing and should always point toward the illuminated 
channel light. Switch SW2 selects the desired X-band, 
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and switch SW3, the desired S-band metering circuit. 
A typical metering circuit is shown in figure 215, The 
modulator high voltage and the rectifier load current 
circuits are illustrated in the transmitter HVPS simplified 
schematic of the following paragraph. The magnetron 
current circuits are described in paragraph 16. Crystal 
current is measured by inserting a meter plug into the 
jack on the desired preamplifier. There is one plug for 
the A and B S-band and one for the A and B X-band 
preamplifiers. Thus switch SW1 will not switch channels 
for crystal current measurements. Instead, this is accom- 
plished by placing the plug in either the channel A or the 
channel B unit. 


89. RECTIFIER POWER UNIT PP-26/MPN-I. 
Two Rectifier Power Units PP-26/MPN-1 are included 
in Radio Set AN/MPN.1, one for each of channels A and 
B. The channel A unit is located in the center of bay 7 
of the transmitter rack, and the channel B unit is imme- 
diately below it. 


a. As discussed in paragraph 16 on the modulator, a 
half-microsecond pulse of high voltage is applied to the 
ultra-high-frequency transmitter in order to make it gen- 
erate short pulses of r-f energy. These short pulses are 
obtained by the partial discharge of a high-voltage ca- 
pacitor. The length of the discharge period itself is con- 
The function of 
the high-voltage rectifier is to furnish 12 to 15 kilovolts 
for charging the capacitor in the modulator which sup- 
plies the high-voltage pulses to the transmitter. For the 
complete high-voltage power supply schematic diagram 
see figure 217. 

b. (1) The high-voltage supply circuit comprises a 
voltage doubler consisting of transformer T2 supplying 
the plates of the two rectifier tubes V] and V2 (705-A), 
two capacitors Cl and C2, load resistors R21 and R29, and 
R26 which acts as a ground return. The operation of the 
circui: is as follows: 


(a) During one-half the a-c cycle, the plate of rectifier 
tube V1 is positive; therefore V1 conducts charging ca- 
pacitor Cl to the peak Voltage of the transformer second- 
ary. On this half of the cycle rectifier tube V2 is non- 
conducting since its plate voltage is negative. 


(6) On the next half .of the cycle V1 remains idle and 
V2 conducts, charging capacitor C2 to the peak voltage 
of the transformer secondary. 


_(c) Since these capacitors are connected in series, the 
polarity of the charges on each adds to produce a load 
voltage of twice that on either. The alternate charging 
of the ‘capacitors is repeated every cycle, and a more oF 
less constant load voltage is obtained. ‘The output voltage 
is not quite twice the peak voltage of the transformer 
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Figure 214. Control bux C-61/MPN-1L, schematic diagram. 


239 


Symbol 
Designation 


2 mfd 
2 mfd 


.25 mfd 
.25 mfd 


Variac 2 KVA 
Variac 2 KVA 


Plate Contact 
Plate Contact 
Overcurrent 
Overcurrent 
Time Delay 
Time Delay 


14 Pole DT 


Description 















l 
1 
l 
l 
] 3% 
1 
5 
5) 


600 GE 9CE5A93 
600 GE 9CE5A93 
600 C-D DYR-6025 
600 C-D DYR-6025 


3 Pole 6 Position 
3 Pole 6 Position 


Remote Reset S 
Remote Reset S 


Pilot Lamp 
Pilot Lamp 


D #986 
D #986 


6 V. .25 Amp. 
6 V. .25 Amp. 


Instrument Littelfuse 


1/100 am 


‘Instrument Littelfuse 
1/1000 amp. 
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Figure 215. I GRID Sl metering circuit, channel A. 


secondary because of loading. It should be approximately 
15 kilovolts. For a simplified schematic of the circuit see 
figure 216. The portions of the circuit represented by 
dotted lines indicate parts which appear in Control Box 
C-61/MPN-1. The meter shunting circuit in parallel with 
R26 provides a means of measuring the total load current. 
All the meter circuits (shown in dotted lines) may be 


switched in or out of the high-voltage power supply by 


means of switches located in the control box. 


(2) The plate voltage supply for the S-band switch tubes 
in the modulator is taken across the entire load resistance 
to ground and may be varied only by means of the variac 
in the control box; that is, by changing the transformer 
primary voltage applied to T2. The plate supply to the 
X-band switch tubes, however, is taken across only that 
portion of the load resistance determined by switch S3. 


(3) The two voltmeter circuits located in the control box 
are connected across resistors R27 and R28 (the return 
to ground of output load resistors R23 and R22, respec- 
tively) and indicate the ‘voltages applied to the S- and 
X-band switch tubes, respectively. 


90. RECTIFIER POWER UNIT PP.27/MPN-1. 
Two Rectifier Power Units PP-27/MPN-1 are included 
in Radio Set AN/MPN-1, each unit supplying one un- 


regulated source of 300 volts and two regulated sources 


of 270 volts and -150 volts each. Power supply No. 1 is 
located behind the search indicator in bay 6 of the indi- 


cator rack. It supplies the 300 and the 270-volt sources 
to its associated search central and search indicator and 
the -150-volt source to its search central and the sine 
potentiometer. In addition, the sine potentiometer re- 
ceives 150 volts from the search central, obtained from 
the 270-volt source after it has been reduced by a voltage 
divider. The sine potentiometer receives its voltage via 
the intercommunications panel, where a switch determines — 
which search system will supply its power. Power supply 
No. 2 is located behind the search indicator in bay 4 and 
supplies the voltages for search system No. 2. Both power 
supplies are working at the same time and are not placed 
alternately in and out of operation by switching channels. 
In the following discussion, refer to figure 218 for a com- 
plete schematic diagram of the unit. 


a. Voltage from the 117-volt preheat circuit is supplied 
to filament transformer T2 and power transformer T1 of 
the rectifier power unit. The primaries of both trans- 
formers are fused jointly with the filament transformer 
primary of the associated search central. The secondary 
of Tl feeds two circuits: one, a full-wave rectifier for 
the 270-volt and 300-volt supplies; the other, a half-wave 
rectifier for the —150 volt supply (fig. 219). 


b. The -150-volt circuit consists of rectifier tube V2 
(SR4GY) connected as a half-wave rectifier, filter circuit 
C3, L2, and C4, dropping resistor R1, and regulator tube 
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Figure 216. High-voltage power supply, simplified 
schematic diagram. 
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Figure 217. Rectifier Power Unit PP-26/MPN-] 
(transmitter HVPS), schematic diagram. 


Symbol 
Designation 


T2 


SW! 
SW2 






JK1 


JK2 


- > _—_- 
te I gem 





Description 


Watts 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
22 
15 
15 
24 
2 
2 
22 
olt 


15.000 
15.000 
15.000 
15,000 
15,000 
15,000 
15,000 
15.000 
15.000 
15,000 
15,000 
15,000 
15.000 
15,000 
15,000 
15,000 
15.000 
15.000 
15,000 
15.000 
3 Meg 
20 Meg 
20 Meg 
10,000 
10.000 
10.000 
3 Meg 


2 mfd 
2 mfd 
.001 mfd 


anak 


ges 


UX-6899 Ratheon 
Filament Transformer 
15-3455 Conrae 

Plate or EL.V.T. 
Transformer 


G. E.-7460330-G4 
CH-8201 


705-A Western Elec. 
705-A Western Elec. 


Yaxley-Mallory 
GJ) #B-111-745x 
Yaxley-Mallory 
GJ1 #b-111-745x 
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Figure 218. Rectifier Power Unit PP-27/MPN-1 (search 
eentral power supply), schematic diagram. 
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Symbol 


Designation 


Vi 
V2 
V3 
v4 
VS 
V6 


22 CS 


Description 


7,500 
1.000 
6,800 
4,700 


100,000 


20 
20 
2 
2 
82,000 \% 
Ye 
470,000 4 


50,000 2 


8 mfd 1000V 
8 mfd 1000V 
4 mfd 1000V 
4 mfd 1000V 
2 mfd 600V 
.01 mfd 600V 
.0O1 mfd 600V 


15-3426B 
15-3463 


15-2474 
15-2479 


oRAGY 
SsRAGY 

VR150 

6B4G 

6SJ7-GTVT 116A 
VRISO 


B00-4 168 
(G.B.) Connector Strip 


* Thermador Transformer 
f Thermador Choke 


vV Gardner Electric 


SEE 







Tolerance 






10% 
10% 
20% 
20% 
10% 
20% 
20% 
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V3 (VR150). Since the voltage drop across V3 is in- 
herently 150 volts within the current limits of the tube, 
the output is connected directly to the cathode of V3. 


c. The positive voltage output circuit consists of a full- 
wave rectifier tube V1 (SR4GY) and filter circuit L] and 
Cl. The full output of over 300. volts appears across Cl 
where the circuit divides into two branches. 


(1) One branch is through dropping resistor R2 and 
forms the output circuit for the unregulated 300-volt 
supply. The shorting strap on R2 serves as a manual 
adjustment for this outpi« voltage by varying series 
resistance in the circuit. 


(2) The second branch is through regulator tube V4 
(6B4G), the 270-volt output being taken across bleeder 
resistors R5, Pl, and R6. Electronic regulation is utilized 
in this circuit by using V5 (6SJ7-GT) as a control tube. 
The cathode of V5 is held at constant potential by regu- 
lator tube V6 (VR 150) and the grid bias of V5 is ad- 
justed by the variable tap on Pl. The output voltage is 
set by the potentiometer tap. The operation of this cir- 
cuit is very similar to that of the 300-volt power supply 
described in paragraph 83. 


91. RECTIFIER POWER UNIT PP-28/MPN-.1. 
Three Rectifier Power Units PP-28/MPN-1 are mounted 
in bay 15 of Communications Rack MT-121/MPN.1. Each 
unit contains two rectifier circuits providing all the neces- 
sary operating voltages for each Radio Set SCR-274-N. 
For a complete schematic of the SCR-274 power supply 
see figure 220. 


a. The first rectifier circuit supplies unregulated 550 


volts dc from a full-wave rectifier tube V1 (SR4GY) | 


feeding a two-section choke input filter. Bleeder resistor 
R1 is paralleled to ground across the output. Transformer 
Tl supplies all the operating voltages for tis circuit 
from the 117-volt preheat line. Door interlock switch SW2 
and bypass switch SW] are in series with the transformer 
primary, as well as overload fuse Fl and telltale neon 
lamp NE] mounted in the front panel to indicate a blown 
fuse. 


b. The second rectifier circuit supplies a voltage out- 
put of approximately 26 volts.. Dc is converted from ac 
by selenium rectifier RECT. 1 and is applied to choke 
L13 and capacitor C3, which act as a filter circuit. C3 
is a 2,000 mfd electrolytic capacitor and is almost a 
perfect short for even a 60 cps ripple. Protecting fuse 
F2 and telltale neon lamp NE2 in parallel are inserted 
in the primary lead to transformer T2, which supplies 
the selenium rectifier. The 117-volt preheat voltage is 
supplied to T2 from the input terminals of the chassis 
ahead of the interlock switch. Both rectifier circuits may 
be shut down by means of power switch SW3. 
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92. RECTIFIER POWER UNIT PP-100/MPN-1. 
Rectifier Power Unit PP-100/MPN-1 is located at the 
top of bay 4 of the indicator rack and supplies 26 volts 
dc to the tower receiver. Its circuit is identical in opera- 
tion with the d-c circuit of the SCR-274 power supply 
described in the preceding paragraph. 


93. TIME DELAY RELAYS. There are two types of 
time delay relay used in Radio Set AN/MPN-1: one type 
is in the control box for the transmitter HVPS; the other, 
in the 4-kv power supply. 

a. HVPS Relays. Each of the two channels in the 
control box contains a Ward Leonard type 362-642 time 
delay relay. This relay has two sets of contacts, only one 
of which is used. The circuit is shown in figure 222. When 


‘117 volts are first applied to the relay at terminals 1 and 


5, the 60-cps synchronous motor operates at once as does 
also a metal rod controlled by the brake coil. Through a 
differential gear mechanism, the motor operates a shaft 
connected to the brake drum (fig. 224), the shaft striking 
switch A (fig. 222) after 60 seconds. This switch in its 
normally closed position shorts out the relay coil. After 
switch A is struck, however, the motor is open-circuited 
and voltage is applied to the relay coil. Switch A is kept 
open by the brake coil metal rod, which does not allow 
the brake drum to fall back to its original position after 
the motor has stopped running. The relay coil then closes 
contacts B and C, and voltage is applied to the HVPS 
primary. When the set is turned off, contacts B and C 
open, the brake coil metal rod springs back, and the brake 
drum is released. The procedure for adjusting the relay 
is as follows: 

(1) TIME SETTING MECHANISM (fig. 223). 

(a) Loosen the timing disk locking screw (1). 

(6) Rotate the time indicator friction nut (2) in a 
clockwise direction until the timing disk stop (4) rests 
against the timing disk clamp (5), at which point the 
motor switch lever (3) should be resting on the motor 
switch (6). 

(c) Tighten the timing disk locking screw. 

(dq) With a wrench, rotate the time indicator friction 
nut until it registers zero. 

(e) Loosen the timing disk locking screw and rotate 
the time indicator friction nut in a counterclockwise direc- 
tion until the indicator registers 60. 

(f) Tighten the timing disk locking screw. The time 
delay mechanism should now be adjusted. 

(2) BRAKE MECHANISM (fig. 224). 

(a) Press the armature (11) down until it rests on the 
core pin (10). 

(b) Adjust the adjustment nuts (12) until there is 
approximately 1/32-inch clearance between the cotter 
pin (13) and the armature. 
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Figure 220. Rectifier Power Unit PP-28/MPN-] 
(SCR-274 power supply), schematic diagram. 
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Cl 
C3 
Vi 


Tl 
T2 


Li 


Fl 
F2 
NE1 
NE2 


Rect. 1 


SWl 
SW2 
SW3 


25,000 


8 mf 
8 mf 
2000 mf 


SR4GY 


10 H 


5H 


3 amp 
3 amp 


GE ML-746033004 


Description 


Watts 
50 
160 
Volts 
1500 volts 
1500 
50 


Type 
15-3448 
Mallory T4660 


15-3449 
15-3450 
Mallory T4659 


Littelfure 3AG 
Littelfuse 3AG 


Littelfuse 5122 
Littelfuse 5122 


Mallory 1S80C9 


AN 3015 


CH 8244 


Tolerance 






20% 
20'/ 


- 10%", +20% 
- 10%, +20% 


10°, +65% 
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Figure 221. Rectifier Power Unit PP-100/MPN-1 
(tower receiver power supply), schematic diagram. 
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_ing HF Control Box BC-451-A (fig. 227b) and tuning the 


corresponding Radio Receiver BC-342-N to the desired 


frequency. The other three sets (SCR-522-A) operate in 


the VHF band. Each of these sets has four possible chan- 


nels, selected by pressing the appropriate push buttons in 


the corresponding VHF Control Box BC-602-A (fig. 227a). 
Thus there are 21 complete communication channels avail- 
able to the operators of Radio Set AN/MPN-1, besides the 
monitoring of the tower receiver. But only three complete 
channels can be used at one time as there are only three 
communications channel selector sets of six red push but- 
tons. One set is located in Approach Indicator ID-38 and 
the other two sets are in Intercommunications Panel SB-2. 
Each of the three operators will have a clear channel avail- 
able in both the HF and VHF bands by pressing the 
appropriate push buttons in any one of the three operating 





(a) 
Figure 227. Radio Control Box BC-602-A and Radio Control Box BC-451-A. 
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positions. In the table below these channels are designated 
as 1, 2, and 3. In actual tactical use their designations 
and exact frequency will be assigned by the service using 
the equipment. The channels are distributed as follows: 


Operator Channel Frequency Equipment 


SCR-274-N 
and BC-342-N 

SCR-522-A 

SCR-274-N 
and BC-342-N 

Selector 2(VHF) 100-156 me SCR-522-A 

Controller 3 (HF) 3-7 mec SCR-274-N 
2 (HF) 3-7 mc BC-342-N 

Controller 3(VHF) 100-156 mc SCR-522-A 


Director 1 (HF) 3-7 mc 


Director 1(VHF) 100-156 mc 
Selector 2 (HF) 3-7 mec 





(b) TL 35791 
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SIDE TONE 


SCR 274-N 
NO.| 


ANTENNA 
eel RELAY UNIT 
NO. 2 


RADIO 
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NO. | 


BC-342-N 
CABLES 
217, 218 


ANTENNA 
RELAY UNIT 


NO. 2 


NOTE %3 


| 

| 

| 

| 

| RADIO HE ADPHONE 
| RECEIVER e ry MATCHING 
| NO.2 
| 


UNIT 





















REMOTE 
ANTENNA 
BOX 


° . BC-342-N CU 46 
CABLES : ° . 
OJBC-457-A F) caste 227,228 CABLE CABLE CABLE 
226 321 323 314 
NOTE™ 
BC-458-A 
1 | SCR 274-N - 
| | NO.3 
| 
| 
| 
| 
| 
| RADIO 
| A RECEIVER 5 
| NO. 3 
| 4 BC-342-N J 
CABLE CABLE 
| 331 333 NoTE*4 
| REC REC REC 
NO.! NO.2 NO 3 
| 
; CAGLEC CABLE 
312 332 
| CALE 
322 
| 





CAGLE 
1051 


TO “sv” BOX 
J-30/ MPN-I 
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Figure 228. Cabling block diagram of communications system. 
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96. OPERATING POSITIONS. At each operating 
position there is located a COMMUNICATIONS CHAN. 
NEL SELECTOR set of six red push buttons. Above each 
push button there is a pilot light. Two of the pilot bull’s- 
eyes are’ green, indicating the push buttons which should 
be depressed for normal operations. The other four bull’s- 
eyes are purple. A transmit-receive-intercommunications 
key and a jack for the operator’s microphone and headset 
are also located at each operating position. In front of 
the controller there is an aural signal switch which, when 
pressed down, connects the output of the aural signal unit 
(figs. 175 and 179) to continuously modulate the output 
of the transmitter in use. This enables the pilot and both 
trackers to hear the azimuth tone signal while they are 
also hearing the controller’s voice. When the aural signal 
unit is on, the transmitter selected by the controller is 
continuously modulated even though the TRANS-REC 
key is on the REC position. Because the transmitter is 
continuously modulated, the controller’s receiver is 
blocked when the aural signal is on. Therefore, if the 
aircraft operator desires to contact the trailer, he must 
use a different channel than the one transmitting the aural 
signal until such time as the aural signal is switched off. 
This means that only the traffic director or plane selector 
may hear the aircraft operator when the aural signal unit 
is In operation, as they use a different transmitting and 
receiving channel. When the observer has his key on 
transmit, he cuts off the aural signal unit and takes over 
the controller’s transmitter. This enables him to talk 
directly to the aircraft on the same channel or transmitter 
as previously operated with aural signal modulation. The 
traffic director and the plane selector have means whereby 
either of them may have his headset and microphone 
circujts connected to the external intercommunications 
circuit. This is done through a selector switch located at 
the center of the intercommunication panel (fig. 70) and 
through the two push-to-talk keys (I.F.F.-INT.-COM.), 
one at each end of the panel. Each search system operator 
may communicate with either the truck cab or IFF equip- 
ment through an external connection by pressing down 
their I.F.F.-INT.-COM. key. A toggle switch on the inter- 
communications panels switches either the No. 1 or No. 2 
operator to the external intercommunications circuit. 
Thus only one operator can use the external circuit at a 
time. As only one external communications circuit is 
provided, the telephone outlet box is interchanged between 
the cab and the IFF equipment as needed. The circuit 
has a single audio stage in the approach indicator (fig. 
|74) and terminates at the IFF communications outlet in 
Junction Box J-30/MPN-1. Telephone Box TA-6/MPN-1 
(a jack and transformer box), a male plug, and a long 
connecting’ cord (figs. 230 and 232) are provided for 
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external use. It couples into the IFF communications 
outlet. A standard headset and microphone combination 
plugs into the jack box for use in the IFF equipment if 
provided or in the cab of the truck. The jack box in the 
truck cab is used for the electronic positioning of the 
equipment. The driver is supplied with a headset and 
microphone so that he may hear instructions from an 
operator at the azimuth tracker’s position, who is using 
a headset and microphone plugged into the plane selec- 
tor’s outlet. The azimuth and elevation trackers have in 
front of them only PHONE jacks into which they plug 
their headphones. The tracker’s headphones are in paral- 
lel with the controller’s headphones, which are connected 
for side-tone monitoring. The side-tone monitoring cir- 
cuit provides feedback from the microphone to the head- 
phone circuits enabling the operator to hear his own con- 
versation. The azimuth and elevation trackers thus hear 
the information being given out by the controller through 
their parallel headphones. 


97. MAIN UNIT CONTROLS. 


a. Standard Controls. The standard controls and 
internal circuits for the SCR-274-N, the BC-342-N, and 
the SCR-522-A have nat been altered, with the exception 
of the OFF-ON switch in the control boxes. Operation of 
these radio sets is covered in the separate technical man- 
uals furnished with each Radio Set AN/MPN-1. Instruc- 
tion Book for Operation and Maintenance of Radio Set 
SCR-274-N (Army Air Forces T.O. No. 08-10-50), covers 
the HF transmitter which is made up of three individual 
transmitters in one rack, BC-696-A, BC-457-A, and BC- 
458-A (fig. 233a). In addition, the manual covers An- 
tenna Relay Unit BC-442-A, Modulator BC-456-B (fig. 
233b), and Radio Control Box BC-451-A (fig. 227b) 
which are also a part of Radio Set SCR-274-N. Each 
SCR-274-N has its own Rectifier Power Unit PP-28/- 
MPN-1. The radio receiver used with Radio Set SCR- 
274-N is described in Instruction Book for Operation and 
Maintenance of Radio Receiver BC-342-N, a separate 
manual. Instruction Book for Operation and Maintenance 
of Radio Set SCR-522-A (Army Air Forces T.O. No. 
08-10-105) covers the SCR-522-A (fig. 234) and its asso- 
ciated Radio Control Box BC-602-A (fig. 227a). Informa- 
tion on the power supply for the SCR-522-A is given in the 
manual Operating and Maintenance Instructions for Recti- 


fier Unit RA-62. 


b. Variations from Standard. Channel selection on 
the VHF Radio Sets SCR-522-A is : -complished through 
the push-button controls and indicated by the illumination 
of a corresponding pilot light. The transmit-receive-re- 
mote (T-R-REM) switch on Radio-Control Box BC-602-A 
should be left in the remote position to enable control 
through the key switch at the indicator rack operating 
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Figure 230. Telephone Box TA-6/MPN-1, top view. 


stations. The transmit-receive positions in which this 
switch may be placed will be used only when testing the 
unit. The ON-OFF switch on Radio Control Box BC-451-A 


is open and not used. 


ec. Approach Indicator ID-38 MPN-1. (1) Two 
main groups of circuits are included in Approach Indi- 
cator 1D-38/MPN-1 (figs. 173 and 174). One group is 
composed of the position errormeters and the warning 
lights for use by the approach controller. This group of 
circuits is controlled by the error potentiometers in the 
azimuth and elevation directors. The other group con- 
sists of rectifiers, audio amplifier and mixer stages, and 
multiposition switches for the communications and inter- 
communication control system. Only the second group is 
discussed here. 


(2) Inside the approach indicator are four gain controls, 
P6, P7, P8 and P29, for the intercommunication amplifier 
channels marked TR’KERS & CONT., IFF, PPI No. 2, 
and PPI No. 1. P1 is a microphone gain control poten- 
tiometer for the controller’s microphone and is labeled 
CONT. MIC. INPUT. Three potentiometers, P12, P13, 
and P14, marked TRANS. #1, TRANS. #2 and TRANS. 
#3 on the panel, are for controlling sidetone level from 
the HF transmitters. In addition, there is potentiometer 
P2, marked AURAL SIGNAL OUTPUT GAIN on the 
panel, for controlling the aural signal level. Besides the 
power supply there is the intercommunications amplifier 
which is a four-channel amplifier. There is one channel 
for each search operator and one channel for both the 
approach controller and the observer. The remaining 
channel is for the external intercommunication outlet 
(IFF or prime mover telephone set). On the front panel 
of the approach indicator are various switches, controls, 
and lights, all of which are used in the communication 
or intercommunications control system, except the azi- 
muth-elevation meter sensitivity controls (fig. 172). When 
the A and B MIC. SUPPLY switch is in the A position, it 
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furnishes power for the intercommunication amplifier and 
microphone current; in the B position, the switch fur- 


- nishes microphone current only and is used in case of an 


emergency. The six red push buttons, with their appro- 
priate indicator lights, select the communication channels 
HF or VHF. There are two keys with appropriate indi- 
cator lights. These keys, the aural signal switch, and the 
transmit-receive-intercommunications switch, connect with 
the circuits as indicated in figure 174. 


d. Intercommunications Panel SB-2/MPN-1. On 
the intercommunication panel (figs. 70 and 238) there are 
various controls and switches not used for the communica- 
tion or intercommunication systems. These controls and 
switches will not be discussed here. There are two sets of 
communications channel selectors of six red push buttons 
each, one set for the No. 1 search operator and the other 
set for the No. 2 search operator. There are also two keys 
(an individual I.F.F. INT. COM. key for each operator 
on the right and left-hand corners) and a selector switch 
(fig. 70) to control the IFF intercommunication outlet. 


e. Search Centrals. Transmit-intercommunication 
keys are located on the left side of No. 1 and No. 2 search 
centrals. Jacks for the headsets and microphones are 
located on the left side below the desk top. Volume con- 
trol potentiometers P11 are on each of the search centrals 
and control the microphone current to the corresponding 
jacks (figs. 68 and 86). 


98. SWITCH POSITIONS. 


a. Transmit-receive Switch (fig. 231). The three- 
position key at each operating position completes the 


sf pretdia iene PILOT LIGHT 
LIGHTS, RECEIVE INTERCOM. PILOT LIGHT 


: 
CONNECTS TRANS.-REC. LINE TO GROUND 


’ ] CONNECTS MIKE TO TRANS. INPUT 


CONNECTS RETURN SIDE OF MIKE LINE 
TO GROUND THROUGH PUSH BUTTON ° 


CONNECTS SIDE TONE TO EARPHONES 
CONNECTS RECEIVERS TO EARPHONES 


CONNECTS RECEIVERS TO EARPHONES 


CONNECTS RETURN SIDE OF MIKE LINE . 
TO GROUND DIRECTLY 


CONNECTS MIKE TO INTERCOM. INPUT 


LIGHTS, RECEIVE PILOT LIGHT 
LIGHTS, INTERCOM. PILOT LIGHT 
TL 36237 


Figure 231. Transmit-receive switch diagram. 
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(a) 


(b) 


Figure 233. Radio Transmitters BC-696-A, BC-457-A, and BC-458-A, and Modulater BC-456-B. 


circuits set up at the push buttons in the following manner: 


(1) When the transmit-receive switch is in the forward 
or transmit position, the following circuit connections 
occur: 

(a) The transmit pilot light is lighted at the control- 
ler’s position only. 

(6) The key circuit of the transmitter selected is closed. 
This connects the antenna to the transmitter and turns on 





w 


the r-f carrier as indicated by the click of the relay and 
indicated on the HF by the reading of the antenna meter 
on the corresponding transmitter. 

(c) The microphone is connected to the transmitter 
audio input. 

(d) The side-tone circuit connects the operator’s head- 
phones with his microphone. 
(2) When the transmit-receive switch is in the center or 
receive position, the following circuit connections occur: 





(b) 


Figure 234. Transmitter-Receiver Assembly and Dynamotor Unit PE-94-A or PE-98-A. 
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(a) 


(b) 


Figure 233. Radio Transmitters BC-696-A, BC-457-A, and BC-458-A, and Modulater BC-456-B. 


circuits set up at the push buttons in the following manner: . 


(1) When the transmit-receive switch is in the forward 
or transmit position, the following circuit connections 
occur: 

(a) The transmit pilot light is lighted at the control- 
ler’s position only. 

(6) The key circuit of the transmitter selected is closed. 
This connects the antenna to the transmitter and turns on 


rs 


the r-f carrier as indicated by the click of the relay and 
indicated on the HF by the reading of the antenna meter 
on the corresponding transmitter. 

(c) The microphone is connected to the transmitter 
audio input. 

(d) The side-tone circuit connects the operator’s head- 
phones with his microphone. 
(2) When the transmit-receive switch is in the center or 
receive position, the following circuit connections occur: 





Figure 234. Transmitter-Receiver Assembly and Dynamotor Unit PE-94-A or PE-98-A. 
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1 Figure 235. Microphone input and intercommunications amplifiers, simplified schematic diagram. 


(a) The receive pilot light is lighted on the controller’s (a) ‘The intercommunication pilot light i is lighted on 
position only. the controller’s position only. 
(6) The transmitter key circuit is open, connecting the (b) The transmitter key circuit is open so the antenné 


antenna to the receiver and shutting off the transmitter’s 
r-f carrier. 


is connected to the receiver and the r-f carrier is off. 


(c) The microphone transformer is connected to the 


(c) The oytput of the microphone transformer is open- 


circuited. intercommunications input. 
(d) The audio output of the receiver and the inter- (d) Only the intercommunications output is connected 
communications output are connected to the headphones. to the headphones. 


(3) When the transmit-receive switch is held back i in the 
intercommunication position, the following circuit con- 
nections occur: 


NOTE: While talking on intercommunications, 
the operator cannot hear an aircraft which calls 
him during that time. 


Ss 
' ' 
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Figure 236. Typical HF channel push-button diagram. Figure 237. Typical VHF channel push-button diagram. 
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Symbol 
Designation 


LM) 
LM2 
LM3 
LM4 
LMS 
LM6 
LM7 
LM8 
LM9 
LM10 
LM] 
LM12 


SW13 
Swi4 
SWIs 
SW16 


SW17 


Western Electric §2F 
Western Electric §2F 
Western Electric §2F 
Western Electric f2F 
Western Electric 2F 
Western Electric f2F 
Western Electric §2F 
Western Electric §2F 
Western Electric 42F 
Western Electric f2F 
Western Electric f2F 
Western Electric §2F 


Kellogg #1001 
Kellogg #1001 
6-Gang-Oak Mfg 
#26414-130 
6-Gang-Oak Mfg 
$26414-130 


3 Amps 250 V-C-H 


$8373 


RECPT 1 AN3102-28-12P 
RECPT 2 AN3102-28-12S 


ee a rr ee aoe te oa Se 


SIDE TONE 


| 





TL 36058A 
Figure 239. Headphone Matching Assembly CU 46/MPN-1, 
schematic diagram. 


267 





| 


Deneri grt leone 


Z 
4 


J 


Audio Matching Trans. 


Type 15-3456 
Type 15-3456 
Type 15-3456 


Til 
T2 
T3 


RECPT 1 AN-3102-14S-5S Receptacte 


Digitized by Google 





TM 11-1543 


b. Push-button Controls. The three sets of COM- 
MUNICATIONS CHANNEL SELECTOR push buttons 
are wired similarly to complete a normal circuit to the 
communications equipment from the operator’s push-to- 
talk switch (fig. 231). The following circuits are con- 
nected when a push button is pressed in: 


(1) The operator’s microphone output to the transmitter 
audio input. 


(2) The operator’s headphones to the receiver audio 
output. 


(3) The transmit-receive key line to the communications 
equipment antenna relay and control line. 

(4) The operator’s headphones to the transmitter side- 
tone monitor output. 


(5) The channel indicator light circuit is completed. 
Note in figures 236 and 237 that the parallel line circuits 
to the next operating station are shorted. The connecting 


wires have also been removed, so that each selector oper- — 


ates independently, without any interlocking control. 


99. CIRCUITS. 

a. Intercommunications Circuits. In the INT. 
COM. position of the key, the microphone transformer 
_ secondary is connected to the grid inputs of the intercom- 
munications amplifier stages, which are in parallel (fig. 
235). Gain control is provided by using variable poten- 
tiometers as grid resistors. The outputs are applied 
through transformers to the headphone input contacts in 
the key. The approach controller’s, the azimuth tracker’s, 
and the elevation tracker’s headphones are supplied from 
one output; their receiving and monitoring circuits are 
similarly in parallel. The traffic director and plane selec- 
tor headphones are supplied from separate outputs. A 
separate audio circuit, with output to the external inter- 
communications outlet in Junction Box J-31/MPN-1, has 
its grid circuit driven from either the traffic director or 
the plane selector microphone input. A selector switch 
- and two selector keys on the intercommunications: panel 
complete this circuit to either position. 


b. Impedance Matching Circuits. (1) Microphone 
and aural signal (input) and headphone (output) cireuit 
impedance matohing is required because the standard 
controls and communications sets have not been altered 
to permit interchangeability with depot stocks. The 
method used is partially illustrated in figure 235. 

(2) For voice transmission, a transformer is used to 
match each microphone input circuit to: 


(a) An SCR-522-A, having a 200-ohm input circuit, 
designed for a dynamic microphone having approximately 


—40-db level. ; 
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Figure 240. Headphone Matching Assembly CU 46/MPN-1. 


(b) An SCR-274-N, designed for a 200-chm input cir- 
cuit, using a carbon microphone having a 0-db reference 
level. 


(c) An intercommunications circuit, of high input 
impedance, feeding the grids of the intercommunication 
amplifier tubes. . 


(3) The microphone current is taken from a 24-volt d-c 
supply, and is limited to a safe value by a dropping resis- 
tor in series with the microphone transformer. This 
resistor is bypassed in order that no audio voltage be 
lost across it. 


(4) Each microphone transformer secondary has a high | 
impedance winding which feeds the intercommunication | 
amplifier. This winding is tapped to provide a 500-ohm 
output circuit, to feed either the SCR-274-N microphone 
input circuit, or an attenuator network in the SCR-522-A 
microphone input circuit. The SCR-522-A attenuator 





Figure 241. Tower Receiver BC-1206-C, front view. 


269 





Pars. 99-101 


Service Manual 


— = _ = 


TM 11-1543 





Figure 242. Tower Receiver Control Box C-140/MPN-1, front view. 


reduces the microphone voltage to a small fraction of its 
original value. This is done in order not to overload the 
input tube in the SCR-552-A. 

(5) The aural signal transformer has approximately a 
500-ohm output impedance and delivers sufficient audio 
signal to modulate either the HF or VHF transmitter 
selected. The level of the modulation is adjustable so 
voice modulation can be used at the same time. The aural 
signal transformer secondary is paralleled at all times 
with the controller’s microphone transformer secondary. 
By depressing the aural signal switch, the primary circuit 
of the aural signal transformer is closed. 

(6) The headsets used are 300 ohms at 400 cycles. The 
SCR-522-A has output taps of 50, 300, or 4,000 ohms 
impedance, and the 300-ohm winding is used in this hook- 
up. Any sets received from depot stocks should be 
checked to make sure the 300-ohm tap is used. Matching 
of the SCR-522-A output with standard headsets is satis- 
factory. 

(7) The BC-342-N output impedance is 4,000 ohms at 
400 cycles, and a better match is required for optimum 
output to the headsets. This is accomplished by an im- 
pedance matching transformer with a ratio of 4,000 to 
300 ohms. From this point, the circuits can be brought 
out to the operator’s earphones without mismatch prob- 
lems. These transformers of Headphone Matching Assem- 
bly CU-46/MPN-1 (figs. 239 and 240) are mounted 
physically in bay 5 of the indicator rack behind the top 
Radio Receiver BC-342-N. , 


100. INTERFERENCE PROBLEMS. Interference 
with the reception of the BC-342-N units by the radar 
system may prove serious. If such a difficulty occurs, 
provisions have been made for the use of a portable 
tripod antenna set up at some distance from the trailer. A 
coaxial termination in Junction Box J-30/MPN-1 is pro- 
vided for coupling. From this coupling about 80 feet of 
coaxial line is brought out to an antenna position. A 
coaxial line has been brought from the connector on the 


270 


junction box to bay 5 of the indicator rack, so that if 
necessary, the BC-342-N receivers may be paralleled off 
the line and fed from the same external antenna. This 
emergency line normally is not connected. The regular 
antennas are disconnected when the emergency antennas 
are used. The remote antenna box is connected as indi- 
cated in igure 228. 


101. TOWER COMMUNICATION RECEIVER 
SYSTEM. The tower communication receiver system 
consists of Tower Receiver BC-1206-C (figs. 241 and 244), 
Tower Receiver Control Box C-140/MPN-1 (figs. 242 and 
245), Observer's Control Box C-139/MPN-1 (figs. 243 
and 246), and Rectifier Power Unit PP-100/MPN-1 
(fig. 221) for Tower Receiver BC-1206-C. The function 
of the tower receiver is to monitor the tower transmitter. 
thus enabling the AN/MPN-1 and the tower to coordinate 
their operations. 

a. Tower Receiver BC-1206-C is a conventional super- 
heterodyne circuit arranged so that AVC will prevent over- 


TL43429A 


Figure 243. Observer’s Control Box C-139/MPN-1, 


front view. 
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Figure 244. Tower Receiver BC-1206-C, 
schematic diagram. ' 
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Symbol 
Designation 


Cl .05 mfd 200 
C2 .25 mfd 200 
C3 350 mmfd 300 to 500 mfd 
C4 .05 mfd 200 
C5 .00025 mfd Mica 
C6 .0001 mfd Mica 
C7 006 mfd 400 
C8 006 mfd 400 
C9 .006 mfd 400 
C10 .5 mfd 200 
Cll 5 mfd 200 
CH] Choke No. 16 Wire 
CH2 Choke No. 16 Wire 
Jl Antenna socket 
J2 Phone jack 
Rl 100,000 \% 
R2 25,000 \K 
R3 1 Meg ly 
R4 500,000 ly 
R5 500,000 Kk 
R6 2 Me \ 
R7 75, ly 
R8 500,000 Mg 
SW1 Off-on switch 
Tl Antenna Coil 
T2 RF Coil 
| T3 Oscillator Coil 
T4 Ist IF Coil 
T5 2nd IF Coil 
T6 Output Transformer 


VRI 100,000 2 
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Figure 245. Tower Receiver Control Box C-140/MPN-1, 
schematic diagram. 
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Figure 246. Observer's Control Box C-139/MPN.1, 


schematic diagram. 
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loading on. strong signals. The manual volume control 
is in the cathode circuits of the r-f and i-f tubes and con- 
trols the gain of the receiver. The receiver operates 
directly from 26 volts which is supplied from Rectifier 
Power Unit PP-100/MPN-1. No high-voltage supply is 
necessary as 26 volts is all that is required for A, B, and 
C supply. The PP-100 is fed from circuit breaker SW13 
of the power distribution panel. Further information is 
furnished in the Instruction Manual, Beacon Receiver 
BC-1206-C accompanying the unit. 


b. Tower Receiver Control Box C-140/MPN-1 is lo- 
cated below the desk in bay 5, directly under the inter- 
communication panel. Either or both of the search sys- 
tem operators may receive the tower by pushing switches 
SWI and SW2 in the direction of the arrow on the tower 
rontrol box. Volume may be regulated by the correspond- 
ing gain control potentiometer. Search antenna motor 
switch SW3, in the center of the towet receiver control 
box, is not part of the communication system. 


c. Observer's Control Box C-139/MPN-1 is located in 


the top of the observer’s desk. It has two keys; one for 
transmit, receive ‘and intercommunication; and one to 
receive the tower receiver. The transmit-receive-inter- 
communication key is in parallel with the controller’s 
key and takes over from the controller when in the trans- 
mit position. When the tower receiver key is pushed in 
the direction of the arrow, all other audio circuits are 
broken. The tower receiver volume is regulated by the 
gain control located to the rear of the top panel. Below 
the desk top in the front of Observer’s Control Box C-139 
there is located a headphone-microphone jack and an 
intercommunication input gain control which normally 


should, be left in full ON position. 


SECTION IV : 
HYDRAULIC LEVELING SYSTEM 
102. DESCRIPTION. In order that the precision sys- 


tem antennas may scan in their proper horizontal and 
vertical planes, it is necessary that the trailer be tilted 
slightly to the correct angle and kept at this angle during 
the operation of the radio set. Hydraulic Leveling System 
MX-34/MPN-1 provides such a means of controlling the 
tilt angle of the trailer, in addition to affording a stable 
base for the trailer when it is in operating position. The 
system is-a permanent part of the trailer body assembly, 
with the controls operated from inside the trailer. 


é 
103. OPERATION OF SYSTEM. 


a. Connection of Components. Power for the sys-- 


tem (fig. 247) is furnished by a 1,725-rpm motor (M), 
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activated through a start-stop switch by the 117-volt a-c 
line. This motor drives a pump (P) through a one-to- 
four ratio reduction gear (RG) which reduces the speed 
with which the pump is driven to 450 rpm. The pump, 
through a set of alternately opening and closing valves, 
pumps the hydraulic fluid (oil) into the master valve unit 
(MV). The master valve unit, located on top of the sump 
tank (ST), has a master lever (ML) on one side which 
controls the raising and lowering process, and two pipe 
openings, A and B, on the top. The breather pipe and 
cap openings on the master valve unit connect to the 
sump tank and act as an escape valve for excessive pres- 
sure. The pipe connection to opening A branches out 
through four jack control valves. (V1, V2, V3, and V4) 
to supply a path for the flow of the hydraulic fluid to the 
top of the corresponding hydraulic jack cylinder (J1, J2, 
J3, or J4) located at each corner of the trailer. The lower 
opening of each corresponding cylinder is connected  di- 
rectly to the pipe opening B on the master valve unit. 


b. Raising Trailer. In raising or lowering the trailer, 
the jack control valve corresponding to the jack at the 
corner of the trailer to be moved must first be opened 
(turning counterclockwise opens). With the valve on the 
master lever pushed in, the fluid passes through the open 
jack control valve to the top of the corresponding jack 
cylinder, forcing out the jack plunger which in turn raises 
the trailer corner. At the same time, the fluid in the lower 


‘part of the jack cylinder is forced back through the lower 


pipe opening to opening B in the master valve unit, and 
through the double-acting valve (D) to the sump tank. 
When the trailer corner has been raised sufficiently, re- 
leasing the master lever will stop the operation of the 
jack and will automatically return the master lever to the 
neutral position. 


c. Lowering Trailer. To lower the trailer, the master 
lever valve must be pulled out and held in that position 
until the corresponding trailer corner has been lowered 
sufficiently. When lowering, the high-pressure path for 
the hydraulic fluid is reversed by means of the double- 
acting valve on the master valve unit. The fluid now goes 
from the high-pressure opening (HP) of the pump 


~ through the double-acting valve and through opening B 


to the lower chamber of the hydraulic jack cylinder. The 
fluid at the top part of the cylinder is forced out through 
the top opening of the cylinder back through the opened 
jack control valve. The fluid returns through opening A 
which is now connected to the sump tank in the low- 
pressure side of the system by the double-acting valve. 


d. Improvements. (1) With all four jacks properly 
adjusted, and the trailer in the operating position, the 
two spirit levels in the hydraulic well will indicate a level 
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| 
Figure 247. Hydraulic leveling system, block diagram. | 


position as they have been previously adjusted to the 
correct tilt (2 degrees) required. 

(2) A switch and light assembly supplies sufficient illu- 
mination for reading the spirit levels and for the opera- 
tion of the valve controls. This light is located in the 
hydraulic well itself. 


SECTION V 


AIR CONDITIONER 


104. PURPOSE. Air Conditioner MX-31/MPN-1 has 
been provided to insure operator alertness for the efficient 
functioning of Radio Set AN/MPN-1. The air conditioner 
is a cooler and dehumidifier unit which provides com- 
fortable operating conditions of constant temperature 
and humidity within the enclosed trailer. For a general 
description of the air conditioner see paragraph 15 of the 
Technical Operation Manual, TM 11-1343. A’ brief dis- 
cussion of the theory of operation follows below. 


105. THEORY OF OPERATION. 


a. General Principles. Air can hold but a certain 
amount of moisture at a given temperature. The amount 
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it does contain, expressed as a percentage of its total — 
capacity at that temperature, is called its relative humid 
ity. The warmer the air the more moisture it can hold, 
and vice versa. Thus, if air with a certain amount of 
moisture is warmed and no moisture is added, its relative 
humidity drops because the amount of moisture that the — 
air can hold has been increased by raising its temperature. — 
On the other hand, cooling the air reduces the amount of 
moisture it can hold, hence its relative humidity. The 
dew point of air is the temperature at which, in the 
process of cooling the air, it reaches 100 percent relative — 
humidity or saturation. When cooled beyond that tem | 
perature the air cannot hold all the moisture, so the 
excess precipitates out of the air as dew or fog. In the 
air conditioner unit it is condensed on a cold evaporator 
coil just as drops of water form on a glass of ice water. — 
The process of condensing moisture out of the air by — 
cooling it below its dew point is called dehumidification. 
Note that air must be cooled to dehumidify it. When the 
air is dehumidified, it leaves the evaporator coil at about 
100 percent relative humidity. However, when this air is 
blown into the space being air conditioned, it absorbs 
heat from the enclosed area, reducing its relative humid- 
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ity as its temperature rises. Thus there must be two 
major flows within the air conditioner system. One cir- 
cuit provides for the cooling, dehumidification, and circu- 
lation of air; the other circuit provides, through circula- 
tion of a refrigerant, for removing heat from the air 
and dissipating it. 


b. Conditioned Air Circuit. From the output of the 
air conditionér unit, conditioned air is forced through a 
10-inch circular canvas duct to a vent near the top of the 
front trailer wall. From this vent, over Communications 
Rack MT-121/MPN-1, the air is guided through a trans- 
formation chamber. From here it flows into the interioy 
of the trailer through a vent on the ceiling. At this point 
the air has sufficient force to carry it throughout the 
trailer. By means of grilles in the bottom compartment 
of the same communications rack, exhaust hir ‘escapes 
through a circular vent in the front trailer wall and 


thence through a canvas duct to the return air duct con- 


nection of the air conditioner unit. Fresh outside air can 
be added to the circuit at. the return to the air conditioner. 
All the return and outside air passes through a (filter 
composed of woven wire mesh coated with oil to which 
dust adheres,’ assuring that clean air will be supplied to 
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the trailer: From the filter the air is forced through the 
supply air duct and the cycle is repeated. 


NOTE: As the filter becomes dirty it loses its 
dust-holding capacity. The air flow is thus res- 
stricted and the conditioning capacity of the 
system is reduced. For frequency and details of 
cleaning the air filter, see the Preventive Main- 
tenance Manual TM 11-1443. 


c. Refrigeration System. The refrigeration circuit 
is entirely within the air conditioner. Liquid refrigerant: 
(Freon 12) is fed into the tubes of an evaporator coil, 
over which passes the air to be cooled. The heat absorbed 
by the refrigerant in this process of cooling the air makes 
the liquid boil or evaporate into a gas, which is sucked 
into a compressor unit and pumped from it into a con- 
denser. Air (in a separate circuit from the conditioned 
air circuit) is drawn through the condenser, takes heat 
from the compressed refrigerant, and discharges the heat 
externally. As the refrigerant gas inside the condenser 
tubes loses heat, it condenses to a liquid and flows into a 
receiver to accumulate. An expansion valve meters the 
flow of the liquid refrigerant from the receiver to the 


evaporator coil, automatically adjusting the flow to the, 


cooling demand. 
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CHAPTER 5 


SUMMARY OF THEORY 


SECTION I 


COMPLETE BLOCK DIAGRAM 


106. PURPOSE OF DIAGRAM. 
a. The block diagram of Radio Set AN/MPN-1 shown 


in figure 248 is a complete functional presentation of the 
electrical circuits of the equipment. Following the sepa- 
rate descriptions of the circuits given in the preceding 
chapters, it shows the relationship of these circuits and 
their indiyidual functions in the over-all operation of the 
equipment. 


b. The block diagram is ideal to use while making a 
quick review of the operation of the equipment, or when 
instructing others in the broad details of its performance. 
Also, while trouble shooting, it enables the radar officer 
or technician to follow the course of a signal from circuit 
to circuit without having to bother with the detailed cir- 
cuit tracing which would be necessary if the schematics 
were used. Thus, when trouble is suspected in an indi- 
vidual circuit, reference can easily be made to the proper 
schematic and trouble-shooting data to accurately locate 
the source of trouble. 


107. USE OF DIAGRAM. 


a. Figure 248 shows the various circuits of each com- 
ponent as blocks marked with the name of the circuit. A 
chassis or major component is represented by a large 
block, and the circuits within it are represented by 
smaller blocks. Interconnections haye been simplified 
and are indicated by solid lines with arrowheads which 
show the direction in which the signal is progressing. 
When the signal leaves a major component, and the line 
is opposite one of the smaller blocks -within that compo- 
nent, the signal comes from the circuit identified by the 
smaller block. Also, when the circuit is shown.to enter a 
major component opposite a smaller block, this indicates 
that the signal is applied to the circuit represented by 
this biock. 


b. The a-c distribution system as well as all d-c power 
supplies, both external and internal, have been omitted 
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from the block diagram in order to simplify it. Also, 
filament connections and d-c connections within the vari- 
ous units have been left out for the same reason. As the 
purpose of this diagram is to emphasize the functional or 
signal-carrying connections, any other connections which 


might confuse the diagram and defeat its purpose have not 
been included. 


c. As a safety measure, a great many of the radio set 
componengs have been included in duplicate. In the case 
of equipment failure during operation, this system pro- 
vides for a rapid change-over from an inoperative to an 
operative channel. However, to reduce the complexity of 
the block diagram, only one channel (A) is shown of all 
duplicated components. Any component having the sym- 
bol “A” used in conjunction with the name of the compo- 
nent is provided in duplicate. 


d. Points throughout the circuits at which important 
waveforms exist are numbered. All these waveforms are 
shown along the right-hand side of the block diagram. In 
order to find what signals appear at any particular num- 
bered point, refer to the waveform with the same number 
in the waveform: list. Exercise caution in using these 
waveforms since they are theoretical values, and actual 
signals may vary slightly from those indicated. Also, due 
to physical limitations of space, it has been impossible 
to show all signals to the same timebase and amplitude 


scales. 


SECTION I 


SEARCH SYSTEM 


108. PRIMARY FUNCTIONS. The search system 
must locate aircraft within range of the GCA equipment. 
Data must be presented in such a way that azimuth and 
range of all targets can be determined instantly: The PPI 
indicators fill this requirement by providing a circular 
radar map of the space covered by the search system. This 
information enables the GCA operators to control trafic 
of aircraft waiting their turn to land and bring one ship 
at a time to a place where the precision system takes over 
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Figure 248. Radio Set AN/MPN-1, complete block diagram. 
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for the actual landing approach. As a safety measure to 
prevent failure of the system during landing operations, 
the transmitting and receiving equipment has been dupli- 
cated, providing two channels, either of which can be 
used. The brief analysis that follows reviews the functions 
of the search system components. 


109. TRANSMITTING SYSTEM. 


a. A positive trigger pulse from the synchronizer is 
applied to the grid of the modulator driver tube (fig. 248). 
This tube is a blocked oscillator controlled by a delay 
line, or network, which limits the time of conduction and 
consequently the output pulse to 0.5 microsecond. 


b. The short positive output pulse from the driver tube 
is coupled through a special pulse transformer to the 
grids of two pairs of switch tubes. One pair of switch 
tubes connects a high-voltage capacitor circuit, charged 
to about 15 kv, across the magnetron oscillator of the 
search transmitter. The second pair of switch tube pulses 
the magnetron oscillator of the precision transmitter. 


c. This negative high-voltage pulse from the modulator 
is applied- to the magnetron and causes ultra-high- 
frequency oscillations to take place at considerable power 
within the magnetron.. The frequency of oscillation is 
determined by the physical characteristics of the tube and 
oscillations take place only during the 0.5 microsecond 
period that the high-voltage pulse is applied. A coupling 
loop inserted into the magnetron cavity transfers the mag- 
netron power to a transmission line connecting with the 
antenna system. 


110. RADIO FREQUENCY SYSTEM. 


a. The output of the magnetron oscillation is coupled 
to the rectangular brass waveguide section which feeds 
the search antenna by a short length of coaxial line. 
Wherever waveguide sections are joined together, loss is 
prevented by a choke joint. This joint has a slot cut in its 
base in such a manner that it presents a high impedance 
to r-f leakage. 

b. A short S-shaped section of waveguide within the 
transmitter compartment connects the output of the mag- 
netron transmitter assembly to the waveguide transmission 
line leading to the search antenna. This S-shaped section 
of waveguide is rotated by the r-f channel switching motor. 
It comes to a stop directly over the waveguide terminat- 
ing section of either the channel: A or channel B mag- 
netron oscillator; whichever is in operation at the time. 

ec. The rectangular waveguide transmission line runs 
from the transmitter rack along the roof of the trailer to 
the search antenna drive mechanism. At this point the 
waveguide terminates into a coaxial line which goes up 
through the hollow shaft that rotates the search antenna. 
A special sealed rotary joint in this section of coaxial line 
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permits the antenna to rotate. This coaxial line connects 
directly to the antenna array assembly. 

d. The antenna array is mounted vertically and con- 
sists of 33 dipoles set from a rectangular section of wave- 
guide. The array is backed by a semicylindrical reflector 
of parabolic cross-section and produces an antenna pat- 
tern which is flat-topped at approximately 4,000 feet in 
altitude. Scanning is accomplished by mechanically rotat- 
ing the whole antenna assembly in azimuth at approxi- 
mately 30 rpm. The sine potentiometer is geared to the 
search antenna and furnishes voltages that synchronize 
the rotating sweep on the PPI indicator tube with the 
rotating antenna. 

e. Received echo signals travel back toward the trans- 
mitter, and as they are not strong enough to ionize the 
gas tube in the T-R box, the signals effectively go through 
the T-R-box into the crystal mixer. The length of coaxial 
transmission line between the T-R box and the magnetron | 
is such that it presents a high impedance to the echo sig- 
nal. Therefore, almost all of the energy takes the path 
into the T-R box. 


111. RECEIVING SYSTEM. 


a. The incoming signal from the antenna is mixed with 
the output of the local oscillator in the crystal mixer unit. 
The crystal detector, a rectifier, is in series with the center 
conductor of the coaxial line. The local oscillator is tuned 
to a frequency 30 megacycles above the transmitter fre- 
quency to produce an i-f frequency of 30 megacycles. To 
assure that the i-f frequency is kept constant, at 30 mega- 
cycles, the AFC circuit in the receiver regulates the volt- 
age applied to the reflector plate of the klystron local 
oscillator tube. This automatically corrects the local 
oscillator frequency to produce a constant i-f frequency. 

b. The i-f frequency output from the crystal mixer is 
fed to the preamplifier unit, which consists of two stages 
of low gain i-f amplification. The preamplifier output 
goes to the receiver proper. 

c. The receiver has an additional five stages of i-f 
amplification, a second detector, and a video amplifier. 
The video output passes through RY (relay) 1 on the 
intercommunications panel before being applied to the 
grids of the search indicators. RY 1 is in the channel 
switching circuit and connects either the channel A or 
the channel B receiver to the PPI indicators. 

d. The AFC circuit in the receiver taps off a small 
portion of the i-f input and develops a voltage which is 
proportional to the frequency of the incoming signal. 
This voltage is used to regulate the negative bias applied 
to the repeller plate of the local oscillator. 

e. See addenda for the latest information concerning 
the STC circuit in connection with its use in the search 
system. 
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112. INDICATING SYSTEM. 

a. There are two identical PPI indicators used in the 
search system; one used by the traffic director and the 
other used by the plane selector. Both indicators are in 
operation regardless of which channel is being used. 
These indicators produce a radar map of the space scan- 


ned by the system and provide data on range and azimuth 
of all aircraft being handled by GCA. 


b. Each indicator tube has a search central which 

supplies sweep voltage, intensifying voltage, range marks, 
and an identification strobe to the indicator tubes. The 
negative trigger pulse from the synchronizer triggers the 
gating multivibrator which provides both negative and 
positive square wave output pulses. The negative pulse 
actuates the sweep, range marker, and identification strobe 
circuit. The positive pulse supplies the intensifying volt- 
age to the first anode of the cathode-ray tube. 
(1) The sweep circuit consists of four RC charging net- 
works, four switch tubes, and four aweep amplifiers. The 
output from the sine potentiometer is fed to the RC 
charging network. This circuit causes the sweep to rotate 
in synchronism with the search antenna by producing 
an output at points 25 and 26 (fig. 248) that is in time 
phase quadrature. The switch ‘ubes are controlled by the 
gating multivibrator which thus determines start and stop 
of the timebase sweep. 


(2) The range marker circuit is triggered from the nega- 
tive output of the gating multivibrator. This sets a ring- 
ing circuit into oscillation which starts the formation of 
range markers. The oscillations from the ringing circuits 
are fed through two stages of amplification that function 
respectively to shape and invert the pulses. The output 
from the inverter amplifier is fed to a peaking circuit 
which shapes the pulses into the sharp pips needed for 
range marks. These range marker pips are mixed with 
the identification strobe pulses in the mixer of each search 


central and applied to the cathode of the CRT tube. 


(3) The identification strobe circuit generates a marker 
pulse which has a variable position along the timebase 
sweep. The circuit is triggered from the negative output 
of the gating multivibrator. The leading edge of this pulse 
actuates the variable multivibrator in the strobe circuit 
which produces a position square wave output of variable 
width. The trailing edge of this variable square wave 
triggers the blocked oscillator causing it to go through 
one cycle of oscillation. The resulting sharp position pip 
from the blocked oscillator is mixed with the range marker 
pips in the mixer circuit before being applied to the 
cathode of the indicator tube. 


(4) The blocking oscillator, cathode follower, and in- 
verter stages shown at the top of each main search central 
lock furnish an internal trigger to be used in place of 
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that ordinarily supplied by the synchronizer. The internal 
trigger is useful when the search system is operated inde- 
pendently of the precision system, or for test purposes. 
(5) The various outputs from the search centrals are 
applied to the PPI indicator tubes. These voltages, to- 
gether with the video output of the search radar receiver, 
complete the requirements of the PPI indicators. With 
the exception of power supplies, all major components 
of the search system have now been described. 


SECTION Ii 
PRECISION SYSTEM 


113. PRIMARY FUNCTIONS. As the name implies, 
the precision system supplies precise information on the 
location of approaching aircraft. When the antennas of 
the system are properly aligned with the runway, infor- 
mation presented on the indicators wil] locate any air- 
plane in the field of approach with respect to a predeter- 
mined glidepath. This information enables the operators 
of the radio set to guide the pilot over a proper approach 
to the airfield runway. The following brief analysis of 
the various functional divisions of the precision system 
will indicate how this information is obtained. 


114. TRANSMITTING SYSTEM. 

a. A sharp positive trigger voltage from the synchro- 
nizer is applied in the modulator to the grid of the driver 
tube, a controlled blocked oscillator. A delay line, or 
network, which controls the time of conduction of the 
oscillator tube, limits the output pulse to 0.5 micro- 
seconds. 

b. This short pulse is coupled through a special pulse 
transformer to the switch (output) tube. The switch 
tube in turn connects a charged capacitor across the mag- 
netron producing a potential difference of about 12 kv 
between plate and cathode. 

c. This causes ultra-high-frequency oscillations to take 
place with considerable power within the magnetron. 
These oscillations, at a frequency determined by the 
physical characteristics of the tube, continue during the 
0.5-microsecond period in which the voltage is applied. 
A magnetic coupling loop transfers the power from the 
magnetron to the transmission line and antenna system. 


115. RADIO FREQUENCY SYSTEM. 

a. The transmission line leading from the magnetron 
to the antennas is made up of rectangular brass tubing 
or waveguide, known as r-f plumbing. Choke joints pre- 
vent losses between sections of the waveguide transmis- 
sion line. 

b. The transmission line leading from the magnetron 
has two branches, the first leading to the precision anten- 
nas and the second to the receiving system. The T-R box 
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prevents loss of energy into the receiving system during 
the transmitted pulse. 


c. The transmission line to the precision antennas is 
further branched, one branch leading to each of the pre- 
cision antennas. The choke switch, operated by the 
switching motors, switches the r-f energy alternately from 
one antenna to the other. Each of the precision antennas 
is in use 50 percent of the time. 


d. The precision antennas are multiple dipole arrays 
and, with a semicylindrical reflector of parabolic cross- 
section, produce a narrow fan-shaped pattern of radia- 
tion. Scanning of both antennas is accomplished by 
mechanical means, and is also controlled by the motors 
on the switching unit. Switching and scanning are syn- 
chronized so that an antenna makes one scan during the 
time it is energized. The elevation antenna can be adjusted 
in azimuth and the azimuth antenna in elevation to keep 
an approaching target within the narrow sectors of the 
beams. These adjustments are controlled by the antenna 
follower assemblies at the indicator positions. 


e. Received signals travelling back toward the trans- 
mitter are blocked from the magnetron by the R-T switch 
(sometimes known as an-anti-T-R box). The T-R box no 
longer blocks the energy and the signal is now directed 
into the receiving system. 


116. RECEIVING SYSTEM. 


a. The incoming signal from the antenna is mixed with 
the output of the local oscillator which is fed into one end 
of the waveguide by a probe. The crystal mixer, a simple 
rectifier, is inserted across the waveguide. The local oscil- 


lator is tuned to a frequency 30 megacycles above the 


transmitted frequency, and a beat frequency of 30 mega- 
cycles is produced. An automatic frequency control cir- 
cuit in the receiver controls the frequency of the local 
oscillator in the r-f unit. 


b. This intermediate frequency signal is applied to the 
preamplifier, which consists of two stages of i-f ampli- 
fication. The output of the preamplifier is fed to five 
stages of i-f amplification in the receiver. 


c. A sensitivity-time-control circuit controls the gain 
of the first two i-f stages. This circuit varies the gain of 
the receiver with respect to time: so that strong signals 
from near-by reflecting objects will not be amplified as 
much as the signals from far-away objects. This results 
in indicator signals of constant intensity for all ranges. 


d, The video signal is produced by the second detector 
in the receiver and passed through a video amplifier to 
the synchronizer. Here the signal receives further ampli- 
fication and is fed to the grids of the precision indicators. 
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117. SYNCHRONIZER. 


a. The synchronizer is the timing device for both the 
search and the precision systems. A master (blocking) 
oscillator is located in the synchronizer and, together with 
associated amplifiers, produces both positive and nega- 
tive trigger pulses. The positive pulse is fed to the modu- 
lator to trigger the transmitter system. The negative pulse 
is applied to the X-band sweep amplifiers and S-band 
search centrals to start sweeps and produce range marks. 


b. The negative pulse actuates a range marker circuit 
which produces range mark pips at 2,500-foot intervals 
for the short range (2-mile) tubes and 10,000-foot inter- 
vals for the long range (10-mile) tubes of the precision 
indicators. 


c. A signal known as an angle marker is generated for 
application to the indicator tubes. This marker appears 
as a radial line, radiating from the point representing the 
position of the radio set on the indicator displays, and is 
used in aligning the indicator tubes. Input to this circuit 
is from the angle coupling units. 


d. Mixing circuits combine the range markers, the 
angle markers, and a variable range identification marker 
received from the search centrals (in the search system) 
for application to the proper indicator tubes. 


e. Another circuit shapes the output of the photo- 
electric commutator into blanking voltages for alternately 
switching the two precision indicators on and off in syn- 
chronism with the antenna switching. Another part of 
the circuit varies the gain of the precision receiver at the 
same t*-ne that the output energy is switched from one 
antenna to the other and at the time the corresponding 
indicators are switched by the blanking circuits. 


f. As explained previously, a circuit in the synchro- 
nizer amplifies the video output of the receiver and 
matches it to the indicator tubes. 


118. INDICATING SYSTEM. 


a. Three indicators are used with the precision system: 
namely the elevation, azimuth, and approach indicators. 
The actual signal from the airplane is viewed on the eleva- 
tion and azimuth indicators. These indicators, when used 
in conjunction with their associated directors, provide 
information as to the actual distance that the airplane is 
deviating from the proper glidepath. This data is fed to 
the approach indicator and is read on the two meters in 
terms of actual feet of deviation. 


b. The azimuth and elevation indicators each have two 
indicator tubes, one having a maximum range of 2 miles 
and the other, a maximum range of 10 miles. Range mark- 
ers, angle markers, and the identification marker mixed in- 
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the synchronizer are all applied to the cathodes of the vari- 
ous indicator tubes. Video signals and intensifying pulses 
(intensifying and blanking done in conjunction with the 
precision antenna switching) from the sychronizer are 
applied to the grids of the various indicator tubes. The 
timebase intensifying pulse for brightening the electron 
beam during the sweep is applied to the first anode of the 
indicator tubes, while a d-c voltage of 4 kv is applied to 
the second anode. Focusing and sweeping of the electron 
beam are done electromagnetically. 


c. Sweep voltages for the indicator tubes are provided 
by the sweep amplifiers, one pair (two channels) being 
provided for each indicator. Each sweep amplifier pro- 
duces sweep voltages for each indicator tube, since the 
tube has two deflecting coils each producing a component 
of sweep at right angles to the other. The sweep for one 
of the coils is essentially constant while the sweep for the 
other varies from nearly zero to a maximum value, de- 
pending upon the output of the associated angle coupling 
units. The sweep amplifier also produces the intensifying 
pulse for brightening the electron beam during the sweep 
as mentioned above. 


d. Each indicator has an associated director mounted 
directly below the indicator itself. Two phenolic maps 
(one for each of the associated indicator tubes) are 
mounted. on the front panel of each director. A tracking 
cursor for following the path of the approaching air- 
plane is placed across each phenolic map, and the posi- 
tion of the tracking cursors is controlled by a hand- 
operated wheel. The maps on the directors are placed at 
right angles to the faces of the associated indicator tubes 
with a semitransparent mirror set between the two (at an 
angle of 45° with each). The image of the indicator tubes 
is reflected by the mirror, with the tracking cursors being 
visible through the mirror directly underneath the indi- 
cator tube images. The positions of the tracking cursors 
indicate, by means of an error voltage (from a poten- 
tiometer geared to the tracking handwheels), the position 
of the aircraft with respect to the glidepath. | 


e. The error voltages (azimuth and elevation) are fed 
to the errormeters on the approach indicator. The error- 
meters convert the error voltages into readings (in feet) 
of the distance between the path of the airplane and the 
correct glidepath. The operator viewing the errormeters 
is in constant radio contact with the approaching airplane, 
and gives the pilot continuous information on the correct- 
ness of his course. 


f. An auxiliary component, the aural signal unit, con- 
verts the azimuth error voltage into correction informa- 
tion and impresses that information on the communica- 
tions channel along with the operator's instructions. The 
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output of the aural signal unit is a constant tone if the 
aircraft is to the right of the glidepath, while an inter- 
rupted tone is.produced if the craft is to the left of the 
glidepath. The pitch of the tone rises as the distance 
from the glidepath is increased. 


119. SCAN SYNCHRONIZING AND ANTENNA 
POSITIONING SYSTEMS. 


a. The scan synchronizing system is an electrical con- 
nection between the antennas and the indicator system. 
Its function is to furnish data on the position of the 
antenna beams and to supply this data to the indicating 
system. The angle capacitor unit is mechanically coupled 
to the mechanism which varies the direction of the beam 
on the antenna. As the capacitance varies in accordance 
with the change in the antenna beam angle, a change is 
produced in the output voltage of the associated angle 
coupling unit. This output voltage, which is adjusted for 
a linear relationship to the antenna beam angle by the 
controls on the angle coupling unit, is fed to the sweep 
amplifiers. There the voltage controls the magnitude of 
the sweep voltages applied to the indicator tubes. 


b. The antenna follower system is a mechanical link- 
age connecting the indicators with the antennas. By means 
of this system, information available on the indicators is 
used to insure that the region scanned by the precision 
antennas includes the position of the approaching air- 
plane. Since the azimuth operator has no information as 
to the elevation of the approaching aircraft, he must rely 
on the elevation operator who has this data to adjust the 
elevation angle of_the azimuth antenna radiation. This 
is done at the elevation operator’s position by means of 
foot pedals connected through cables to the azimuth an- 
tenna. Servo cursors, connected to this follower system, 
are placed across the face of the elevation indicator tube 
and indicate the elevation angle of the azimuth antenna 
radiation. By means of the foot pedals, the elevation 
operator can adjust the servo cursor and the connected 
azimuth antenna until the beam of radiation includes the 


‘position of the approaching airplane. A similar mechan- 


ism utilizes information given on the azimuth indicator 
to position the elevation antenna in azimuth. 


SECTION IV 
ASSOCIATED EQUIPMENT 


120. POWER DISTRIBUTION SYSTEM. 
a. Power Distribution Panel SB-1/MPN-1 is fed 117 


volts ac from the two power units (Power Equipments 
PE-127-A) in the prime mover, or from an external com- 
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Figure 249. Power supplies and associated components, 
block diagram. 
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mercial power source. All power circuits in the radio set, 
except the one for the air conditioner, are supplied thru 
the power distribution panel. Channel switching relays 
in the various components are controlled by circuits in 
this panel. 

b. When a-c power is supplied from an external com- 
mercial supply, it is fed to the power distribution system 
thru a voltage regulator system. The system includes an 
autotransformer for changing the incoming voltage to a 
value required by the induction Voltage Regulator Unit 
CN-3/MPN-1. This unit controls the output voltage by 
variable coupling between primary and secondary wind- 
ing of a transformer.: A regulator control panel contains 
circuits for automatic control of the regulator unit, with 
provisions for manual control if desired. 

c. The power distribution panel contains a voltmeter 
to measure the input voltage from the a-c supply circuit 
and a time meter to indicate running time. The main 
switch SW24 selects commercial or generator power which- 
ever is available. A number of colored lights indicates 
which circuits are being energized. A group of circuit 
breakers SW1 to SW16 and switches SW17 to SW19 con- 
trols the 119-volt a-c power supply to the various compo- 
nents. The TRANSMIT switch SW22 controls all channel 
switching relays, as well as a plate power on all power 
supplies. 

d. Control Box C-61/MPN-1, a part of the power dis- 
tribution system, provides control of the magnitude of 
the voltage input (and voltage output) to the high-voltage 
power supply. Time delay relays are incorporated to pro- 
vide time for power supply filaments to heat before appli- 
cation of plate voltage. Metering circuits in the control 
box are not a part of the power distribution system. 


121. POWER SUPPLIES. 
a. There are 12 power supplies, two of each type, in 


the radar section of Radio Set AN/MPN-1. Of these, six . 


power supplies (300-volt, 500-volt, and negative) are used 
exclusively in the precision system; two (search central) 
exclusively in the search system; and four (4-kv, and 
transmitter HVPS), in both systems. Eight power sup- 
plies (300-volt, 500-volt, negative, and transmitter HVPS) 
are switched on and off by channels; two (4-kv) are 
switched on and off by a relay assembly; two (search 
central) are turned on and off with the search indicators. 
Four power supplies (4-kv, and-transmitter HVPS) are 
controlled by time delay relays. All power supplies yield- 
ing over 300 volts have component interlock switches. All 
radar voltage sources are regulated for both input line 
and output load variations except for the 4-kv sources 
(which are regulated for line variations only), the trans- 
mitter HVPS, and the 300-volt source of the search central 


power supply. The components furnished voltage by the. 
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power supplies and the power supplies themselves are 
illustrated in figure 249. The intercommunications panel 
and the relay assembly shown in the block diagram act 
as switches between voltage sources and components. 

b. Relay Assembly RE-3/MPN-I cantrols the switching 
of the two 4-kv power supplies. In the central or normal 
position of the relay assembly toggle switch both 4-kv 
power supplies operate: unit No. 1 supplying the eleva- 
tion and azimuth indicators; unit No. 2, both search indi- 
cators. In the UP position of the switch, unit No. 1 alone 
is in operation and supplies 4-kv to all six indicators; in 
the DOWN position, unit No. 2 supplies all the 4-kv. 

ec. Control Box C-61/MPN-1 (not shown in the block 
diagram) controls the two transmitter high-voltage power 
supplies by means of a variac for each of the two chan- 
nels. This component also houses the high-voltage time 
delay relays, the high-voltage overcurrent relays, and the 
S and X-band meters and metering circuits. 

-d. In addition to the radar power supplies, there are 
seven supplies for the communications equipment: three 
Rectifier Power Units PP-28/MPN-1 for the three Radio 
Sets SCR-274-N; one Rectifier Power Unit PP-100/MPN-1 
for the tower receiver; three Rectifier Units RA-62 for the 
three Radio Sets SCR-522-A. Each SCR-274-N power 
supply furnishes two voltage sources: one of 550 volts and 
one of 26 volts; the tower receiver power supply, a 26-volt 
source; each SCR-522 power supply, a 300-volt, a —150- 
volt, and a 13.4-volt source. All voltage sources in the 
communications equipment are unregulated. 


122. COMMUNICATIONS SYSTEM. 

a. The communications system consists of the following: 
(1) Six communication sets; three HF and three VHF. 
(2) .An intercommunication system with controls on both 
the intercommunication panel and the approach indicator. 
(3) Associated microphones, headsets, and controls. 

(4) Three communication receivers for use in conjunc- 
tion with the HF communication sets. 

(5) The tower receiver for monitoring the airfield control 
tower transmitter. ; 


b. With this system the traffic director, plane selector, 
and approach controller are in direct radio communicar 
tion with aircraft during operation and can communicate 
with each other. Each of these three operators has a 
microphone and headset, and will have a clear communi- 
cations channel available in either the HF or VHF bands. 
The proper channel is selected by pressing the appro- 
priate push button in the set of six communications chan- 
nel selector push buttons at the operating position. One 
of these sets of push buttons is on the front panel of the 
approach indicator and two sets are on the intercommu- 
nications panel, one serving the trafic director and the 
other the plane selector. 
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e. Each of the three HF communication sets (Radio 
Set SCR-274-N) has three frequency channels available 
at the turn of a switch. Any one of the three preset fre- 
quencies may be selected by turning the proper switch on 
the associated Radio Control Box BC-451-A to the proper 
position. Each of the three VHF sets (Radio Set SCR- 
022-A) has four crystal-controlled frequency channels, 
any one of these channels being selectable on associated 
Radio Control Box BC-602-A. 


d. The controller operates the aural signal switch on 
the approach indicator, mixing the output of the aural 
signal unit into the signal modulating the transmitter in 
use, thus enabling the pilot to hear the azimuth tone signal 
at the same time that he receives instructions from the 
controller. The other two precision system operators, the 
elevation tracker and the azimuth tracker, have head- 
phones only which are connected in parallel with those 
of the controller. All are connected for sidetone monitor- 
ing of the communications channel in use or for inter- 
communications. Thus, the trackers can check the accur- 
acy of the controller’s information. 


e. The two search system operators, the plane selector 
and the trafic director, may talk to the other radio set 
operators on the intercommunications system or to the 
pilots of the airplanes awaiting landing instructions. 
These two operators may also speak to operators of the 
[FF equipment over the intercommunication system by 
pressing a key on the intercommunication panel. Only 
one operator may use this channel at any one time, selec- 
tion being made by a switch on the intercommunication 
panel. 


f. The receiving equipments of Radio Sets SCR-274-N 
are not included, but Radio Receivers BC-342-N are used 
instead. Three are provided. Remote antenna, completely 
separate from the radio set, may be used with any one 
of these receivers which has a serious interference 
problem. 


g- [he tower communications receiver system consists 
of Tower Receiver BC-1206-C with its associated power 
supply. The tower receiver control panel permits the 
two search system operators to independently receive and 
adjust the magnitude of the signal from the tower receiver. 


h. ‘The observer’s control box gives the observer access 
to the output of the tower receiver. Facilities are also pro- 
vided whereby the observer may take charge of the con- 


troller’s communication panel when the aircraft is ob- 
served to break through the overcast. 


123. HYDRAULIC LEVELING SYSTEM. 
a. The hydraulic leveling system is energized by a 
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117-volt a-c motor which drives a pressure pump through 
a reduction gear. The hydraulic fluid (oil) is pumped 
through a-master valve (which controls the rate of flow 
of fluid), and through individual control valves to the 
corresponding cylinders of the four hydraulic jacks. 
These jacks are used for raising or lowering the trailer 
to the proper tilt. 


b. Direction of jack movement is coritrolled by a 
double-acting valve in the master valve unit. In one posi- 
tion the valve allows high pressure to be exerted at the 
top of the jack cylinder with a low-pressure return thru 
the part at the bottom. This forces the jack plunger 
downward and raises the trailer. In the other position of 
the double-acting valve the high and low pressures are 
reversed, the jack cylinder forced upward, and the trailer 
lowered. 


c. With all four jacks properly adjusted, and the trailer 
in the operating position, the two spirit levels in the 
hydraulic well will indicate a level position as they have 
been previously adjusted to the correct tilt (2 degrees). 
Required lighting is provided by a switch and light com- 
bination in the well itself. 


124. AIR CONDITIONER. Radio Set AN/MPN-1l 
has been furnished with an air conditioner. It is both a 
cooler and a dehumidifier, providing comfortable operat- 
ing conditions of temperature and humidity within the 
trailer. The unit contains two major flow systems: the 
conditioned air circuit, for cooling, dehumidifying, and 
circulating the air through the trailer; and the refrigera- 
tion circuit, for removing and dissipating the heat from 
the air through the circulation of a refrigerant. The unit 
is powered by a 1,750-rpm repulsion-induction motor, 
operating’ on single phase 117-volt a-c lines. In the 
conditioned air circuit a supply air fan, directly coupled 
through a universal joint to the motor, forces air into the 
trailer through a supply air duct. The air comes back to 


the unit via a return air duct and is cooled and purified 


by evaporator coils and an air-dust filter. In the refrig- 
eration circuit, which is entirely within the air conditioner, 
liquid refrigerant in the evaporator ‘coils cools ‘the air 
passing over them. This cooling process causes the refrig- 
erant to evaporate, and the resulting gas is sucked into a 
compressor and then pumped into a condenser. The 
compressor is coupled through a V-belt to the motor, as is 
a fan which is used to draw air over the condenser coils. 
The compressed refrigerant is thereby cooled and con- 
densed to a liquid. It is then accumulated in a receiver, 
whence it flows back to the evaporator coils through an 
expansion valve. 








ee eee 


TM 11-1543 


Per. 125 


CHAPTER 6 


TROUBLE-SHOOTING PROCEDURES 


SECTION I 


GENERAL INFORMATION 


125. INTRODUCTION. No matter how well -equip- 
nent is designed and manufactured, faults are bound to 
occur in service. When such faults do occur, the repair- 
man must locate and correct them as rapidly as possible. 
This section contains general information to aid personnel 
engaged in the important duty of trouble shooting. Re- 
member that preventive maintenance will minimize the 
necessity of trouble shooting. 

a. Trouble-shooting Data. Take advantage of the 
material supplied in this manual to help in rapidly locat- 
ing faults. Consult the following trouble-shooting data 
when necessary. 

(1) BLOCK DIAGRAM OF THE SYSTEM. 

(2) COMPLETE SCHEMATIC DIAGRAMS. These 
diagrams include all components and show all the con- 
nections (power, input, and output) to all other units. 
(3) SIMPLIFIED AND PARTIAL SCHEMATICS. 
These diagrams are particularly useful in trouble shoot- 
ing, because they enable the electrical functioning of the 
circuits to be followed more clearly than on the complete 
schematics, thus speeding trouble location. 

(4) VOLTAGE AND RESISTANCE DATA AT ALL 
SOCKET CONNECTIONS. 

(S) VOLTAGE, RESISTANCE, AND WAVEFORM 
DATA AT TEST JACKS. Blocking capacitors are omit- 
ted from most leads to the test jacks, to enable measure- 
ment of the d-c voltage at the plate or other points to 
which the test jacks connect. For this reason, be careful 
not to touch the measuring instruments which carry high 
voltage when connected to the test jacks. 

(6) ILLUSTRATIONS OF COMPONENTS. Front, top, 
and bottom views aid in locating ‘and identifying parts. 
(7) PIN CONNECTIONS. Pin connections on sockets, 
plugs, and receptacles are numbered or lettered on the 
various diagrams. 

(a) Seen from the bottom, pin connections are nym- 
bered in a clockwise direction around the sockets. On 
octal sockets the first pin clockwise from the keyway is 
pin No. 1. Pin numbers appear on both the schematic 
diagrams, and the wiring diagrams, so that any tube ele- 
ment can be readily located. 


(6) Plugs and receptacles are numbered on the side 
to which the associated connector is attached. To avoid 
confusion, some individual pin» are identified by letters 
which appear directly on the connector. 

b. Trouble-shooting Steps. The first step in servic- 
ing a defective radar set is to sectionalize the fault. Sec- 
tionalization means tracing the fault to the component 
responsible for the abnormal operation of the set. The 
second step is to localize the fault. Localization means 
tracing the fault to the defective part responsible for the 
abnormal condition. 

(1) The Equipment Performance Log (EPL) and the 
starting procedure aid in tracing the fault to the defective 
component. The procedures to be followed are explained 
in subparagraphs c and d. 

(2) Some faults such as burned-out resistors, r-f arcing, 
etc. can be located by sight, smell, and hearing. The 


voltage, resistance and waveforms. 


majority of faults, however, must be lucated by checking | 


c. Equipment Performance Log Sectionalization. 


The Equipment Performance Log sheet is a record of the 


normal and abnormal operation of the station. In the 
event of station failure or abnormal operation, references 
to the Equipment Performance Log will usually aid in 
sectionalizing the defect. When a station failure occurs, 
refer to the log sheet and note the operation of the station 
for the past 24 hours. The failure may be the result of 
a previous abnormal condition not serious enough in 
itself to have caused the station to go off the air at the 
time it occurred. The abnormal condition will have been 
entered in the station log. Check the log entry to obtain 
direct information leading to the cause of the failure: 


d. Starting-procedure Sectionalization. The start- 
ing procedure is the systematic method used to put the 
stafion on the air. This procedure is used in sectionaliza- 
tion when the cause of the station failure is not known. In 
most cases, jt will trace the defect to a particular compo- 
nent. The steps of the starting procedure are performed 


in sequence until an abnormal result is obtained. As each 


step is performed, the visible and audible results of the 
action are noted. The use of the starting procedure is 
described in detail in section III of this chapter. 
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e. Localization. Chapters 7, 8, and 9 describe the 
method of localizing faults within the individual compo- 
nents. These chapters contain trouble-shooting charts 
which list abnormal symptoms and their causes. The 
charts also give the procedure for finding out which of 
the probable locations of the fault is the exact one. The 
chapters also tell what waveforms should be obtained at 
the test points. In addition, there are diagrams which 
show the resistance and the voltage at all socket-pin con- 
nections. The method of using voltage and resistance 
data in checking a circuit is described in detail in para- 
graphs 126 d and 127 c. 


126. VOLTAGE MEASUREMENTS. 

a. General. Voltage measurements are an almost in- 
dispensable aid to the repairman, as most troubles result 
from abnormal voltages or produce abnormal voltages. 
Voltage measurements are easily made because they are 
taken between two points in a circuit, and the circuit need 
not be interrupted. 


(1) Complete information on normal operating voltage 
is given in the trouble-shooting section. Unless other- 
wise specified, the voltage is measured between the indi- 
cated point and ground. 


(2) Always begin by setting the voltmeter on the highest 
range, so that the voltmeter will not be overloaded. Then, 
if it is necessary to obtain increased accuracy, set the 
voltmeter to a lower range. 


(3) In checking cathode voltage, remember that a read- 
ing can be obtained when the cathode resistor is actually 
open. The resistance of the meter may act as a cathode 
resistor. Thus, the cathode voltage may be approximately 
normal only as long as the voltmeter is connected between 
cathode and ground. Before the cathode voltage is meas- 
ured, a resistance check should be made with the circuit 
cold in order to determine if the cathode resistor is 
normal. 


b. Precautions Against High Voltage. Certain pre- 
cautions must be followed when measuring voltages above 
a few hundred volts. High voltages are dangerous, and 
can be fatal. When it is necessary to measure high volt- 
ages, observe the following rules: 


(1) Connect the ground lead to the voltmeter. 
(2) Place one hand in your pocket. 


(3) If the voltage is less than 300 volts, connect the test 
lead to the hot terminal (which may be either positive or 
negative with respect to ground). 


(4) If the voltage is greater than 300 volts, shut off the 
power, connect the hot test lead, step away from the volt- 
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meter, turn on the power, and note the reading on the 
voltmeter. Do not touch any part of the voltmeter, par- 
ticularly when it is necessary to measure the voltage be- 
tween two points, both of which are above ground. 


c. Voltmeter Loading. It is essential that the volt. 
meter resistance be at least 10 times as large as the re- 
sistance of the circuit across which the voltage is meas 
ured. If the voltmeter resistance is comparable to the 
circuit resistance, the voltmeter will indicate a lower 
voltage than the actual voltage present when the voltmeter 
is removed from the circuit. 


(1) The resistance of the voltmeter on any range can 
always be calculated by the following simple rule: resis- 
tance of voltmeter equals the ohms-per-volt multiplied by 
the full-scale range in volts. Two examples are shown 
below: 


(a) What is the resistance of a 1,000 ohms-per-volt 
voltmeter on the 300-volt range? 


R = 1,000 ohms-per-volt x 300 volts = 
300,000 ohms. 


(6) What is the resistance of a 20,000 ohms-per-volt 


_ voltmeter on the 300-volt range? 


R = 20,000 ohms-per-volt x 300 volts = 
6 megohms. 


(2) To minimize voltmeter loading in high resistance 
circuits, use the highest voltmeter range. Although only 
a small deflection will be obtained (possibly only 5 div:- 
sions on a 100 division scale) the accuracy of the voltage 
measurement will be increased. The decreased loading of 
the voltmeter will more than compensate for the inac- 
curacy which results from reading only a small deflection 
on the scale of the voltmeter. 


(3) When a voltmeter is loading a circuit, the effect can 
always be goted by comparing the voltage reading on two 
successive ranges. If the voltage readings on the two 
ranges do not agree, voltmeter loading is excessive. The 
reading (not the deflection) on the highest range will be 
greater than on the lowest range. If the voltmeter is load- 
ing the circuit heavily, the deflection of the pointer will 
remain nearly the same when the voltmeter is shifted 
from one range to another. 


(4) The voltage and resistance drawings used in this 
manual are based on readings taken with an actual meter. 
The ohms-per-volt sensitivity of the meter which was used 
is printed on the drawing. The trouble shooter should 
use a meter having the same ohms-per-volt sensitivity. 
Because the meter used in testing for the voltage will 
produce the same amount of loading as the meter used in 
measuring the voltage, it is necessary to consider the 
effect of loading. 
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Figure 250. Schematic diagram for voltage analysis. 


d. Practical Example of Voltage Analysis. Figure 
250 illustrates a typical amplifier stage. The values of the 
various parts are labeled as well as the input voltages. 
The normal voltages at the V3 tube socket pins are: 


filaments of amplifier tubes are always connected to‘ a 
low-voltage a-c source. If this voltage is abnormal, check 
the voltage across the winding of the transformer which 
supplies the voltage. 





NOTE: All voltages are d-c voltages unless 
otherwise specified. The d-c readings were taken 
with a 1,000 ohms-per-volt voltmeter. Draw- 
ings for each component, giving the voltage at 
each socket connection, can be found in the sec- 
tion on trouble shooting of the component. To 
check the stage shown in figure 250 for an 
abnormal voltage measurement, measure the 
voltage between the -socket contacts and the 
chassis. 


(1) The voltage between contact 1 and the chassis is 


normally 7.2 volts (see above chart). This voltage should 
be the same .as that between socket contact 5 and the 
chassis, since they are directly connected (subpar. (3) 
below). 

(2) The voltage between contact 2 and the chassis should 
be 6.3 volts a-c, since contact 2 is one side of the filament. 


On the diagram, no connections are shown because the 


(a) If the voltage of the transformer is normal, the 
trouble is a broken connection between the transformer 
and the contact. 

(6) If the voltage of the transformer winding is ab- 
normal, measure the voltage of the transformer primary 
winding. 

(c) If the primary voltage is normal and the voltage 
on the winding that delivers the filament voltage is ab- 
normal, either the transformer is defective or an abnor- 
mally high drain is being placed on the filament winding. 
This can be checked by removing one of the wires from 
the filament winding and again testing the voltage across’ 
this winding. If the transformer is defective, the voltage 
reading will still be abnormal. If the transformer is 
normal, the voltage will be a little higher than usual. 
However, if the voltage on the transformer primary is 
abnormal, the source of this voltage must be checked. 
(3) The voltage between contact 3 and the chassis should 
be zero, since this contact is directly connected to the 
chassis. 
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(4) The voltage between contact 4 and the chassis should 
be zero, since this is a class A amplifier and normally no 
grid current flows through resistor R2. If capacitor Cl 
should short-circuit, the high positive voltage on the plate 
of tube V2 would be delivered to contact 4 and a d-c 
positive-voltage reading would be obtained. It is also 
possible for a short circuit inside the tube to cause a read- 
ing on this contact. 


(5) The voltage on contacts 1 and 5 should be 7.2 volts. 
(An important consideration in measuring cathode volt- 
age is explained in the paragraph on voltage measure- 
ments.) The plate cathode voltage and the grid cathode 
voltage normally cause a current to flow through the 
cathode resistor, R3. This. current is normally 0.006 
ampere, since resistor R3 is 1,200 ohms and the voltage 
across it is 7.2 volts. 


R 1,200 
(a) If ‘no voltage is obtained, the trouble may be a 
lack of the plate-supply voltage, a burned-out tube V3, a 
shorted resistor R3, a shorted capacitor C2 (this capaci- 
tor, if shorted, would connect the cathode to the chassis), 
or a broken connection. 


(6) If the voltage was found to be low, the trouble 
could be a tube V3 with low emission, a leaky capacitor 
C2, an open-circuited resistor R3 or R5, a shorted capaci- 
tor C3 or C4, low plate-supply voltage, and open-circuited 
coil L1, a poor connection, or an increase in the resistance 
value of any of the resistors. 


(c) Ifthe voltage was found to be too hiyh, the trouble 
could be a gassy tube, a short-circuited resistor, too high 
an applied voltage, or a connection in either the plate- 
cathode or screen grid-cathode circuits shorted by an 
external circuit. 


(6) The screen voltage is checked as follows: 

(a) The voltage on contact 6 normally should be 195 
volts. The voltage drop across the resistor normally would 
be 55 volts, since the voltage on one side of the resistor is 
195 volts and 250 volts on the other side. The normal 
current through this resistor would be 0.0006 ampere. 


E 35 


(6) If no voltage is obtained on contact 6, the trouble 
could be a lack of applied. voltage, and open-circuited 
resistor R4, a broken connection, or a shorted capaci- 
tor C3. 


(c) If the voltage on contact 6 is too low, the trouble 
could be a gassy tube, a leaky capacitor C3, too low an 
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applied voltage, or too low a bias voltage on the grid of 
tube V3 (grid is biased by the 7.2 volts on the cathode). 


NOTE: A gassy tube, or the lowering of the 
grid bias of tube V3, would increase the screen 
grid current. Increasing this current would 
increase the voltage drop across resistor R4. If 
capacitor C3 were leaky or shorted, the screen 
grid of the tube V3 would be connected near or 
at ground potential, lowering the voltage on 
contact 6. The current through resistor R4 
would rise if capacitor C3 were shorted. Resis- 
tor R4 would be the only resistance between the 
applied voltage and the chassis ground. Resistor 
R4 probably would burn out because of the high 
current flow unless the resistor had a high power 
rating. Any fault that would make high current 
flow through the screen grid-cathode circuit 
might burn out either resistor R3 or R4. 


(7) The voltage between contact 7 and ground normally 


should be zero, according to the chart above, since this 
contact is connected directly to the chassis ground. 


(8) The plate voltage is checked as follows: 

(a) The voltage between contact 8 and the chassis 
normally should be 185 volts. This voltage is at one of 
the points in the plate-cathode circuit which comprises 
resistor R5, coil L1, the plate resistance of tube V3, and 
resistor R3. The applied voltage in this circuit is 250 
volts. The voltage drop across the resistor normally would 
series is 65 volts (250 volts-185 volts). The current 
through resistor R5 and coil L1 is 0.0064 ampere. 


(b) If no voltage is obtained on contact 8, the trouble 
could be a lack of applied voltage, an open-circuited 
resistor ‘RS or coil Ll, or a broken connection between 
terminal 5 on terminal strip TS] and contact 8. 


(c) If the voltage on contact 8 is too low, the trouble 
could be a gassy tube V3, too low an applied voltage, 
shorted or leaky capacitor C2, or a shorted resistor R3. 
A gassy tube V3, shorted or leaky capacitor C2, or 8 
shorted resistor R3, would cause the current through the 
plate-cathode circuit to rise, increasing voltage drop 
across resistor R5 and coil Ll. This would lower the 
voltage on contact 8. Increased current through this cil- 
cuit may also burn out resistor R3 or R5, ‘unless the 
power rating of each is ample. 


(d) If the voltage is too high, the trouble could be.4 
burned-out tube V3, low emission in tube V3, a burned-out 
resistor R3, a shorted resistor RS, too high an applied 
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voltage, or a burned-out resistor R4. If the tube were 
burned out or resistor R3 were open, no current would 
flow through the plate-cathode circuit, and there would be 
no voltage drop betweem the applied voltage and the 
plate of the tube. 

(9) Capacitor C4, a coupling capacitor to the grid of 
tube V4, can be checked for a shorted or leaky condition 
by measuring the voltage between contact 4 on V4 and 
the chassis ground. If the positive d-c voltage is higher 
than normal when measured on contact 4 of tube V4, the 
capacitor is leaky or shorted. 


127. RESISTANCE MEASUREMENTS. 
a. General. (1) NORMAL RESISTANCE VALUES. 


When a fault develops in a circuit, its effect will very 


often show up as a change in the resistance values. To 
assist in the localization of such faults, trouble-shooting 
data includes the normal resistance values,' as measured 
at the tube sockets and at the test jacks. These values are 
measured between the indicated points and ground, unless 
otherwise stated. Often it is desirable to measure the 
resistance from other points in the circuit, in order to 
determine whether the particular points in the circuit are 
normal. The normal resistance values at any point can be 
determined. by referring to the resistance values shown in 
the schematic diagram. 


(2) PRECAUTION. 


(a) Before making any resistance measurements, turn 
off the power. An ohmmeter is essentially a low range 
voltmeter and battery. If the ohmmeter is connected to a 
circuit which already has voltages in it, the needle will 
be knocked off scale and the voltmeter movement may be 
burned out. 


(6) Capacitors must always be discharged before re- 
sistance measurements are made. This is very important 
when checking power supplies that are disconnected from 
their load. The discharge of the capacitor throagh the 
meter will burn out its movement and‘in some cases may 
endanger life. 

(3) CORRECT USE OF LOW AND HIGH RANGES. 
It is important to know when to use the low-resistance 
range and when to use the high-resistance range of an 
ohmmeter. When checking the circuit continuity, the 
ohmmeter should be set on the lowest range. If a medium 
or high range is used, the pointer may indicate zero ohms, 


even if the fesistaace is as high as 500 ohms, When | 


checking high resistance or measuring the leakage resis- 
tance of capacitors or cables, the highest range should be 
used. If a low range-is used, the pointer will indicate 
infinite ohms, even though the actual resistance is less 
than a megohm. 
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(4) PARALLEL RESISTANCE CONNECTIONS. In a 


parallel circuit, the total resistance is less than the small- 
est resistance in the circuit. This is important to remem- 
ber when trouble shooting with the aid of a schematic . 
diagram. | 

(a) When a resistance is measured and the value is 
found to be less than expected, make a careful study of the 
schematic to be certain that there are no resistances in 
parallel with the one that has been measured. If a resistor 
appears too low, disconnect one terminal from the circuit 
and measure its resistance again to make sure that the low 
reading was not because some part of the circuit was in 
parallel with the resistor. 

(6) In some cases, it will be impossible to check a 
resistor because it has a low-voltage transformer winding 
connected across it. If the resistor must be checked, dis- 
connect one terminal from the circuit before measuring 
its resistance. 

(5) CHECKING GRID RESISTANCE. When checking 
grid resistance, a false reading may be obtained if the 
tube is still warm and the cathode is emitting electrons. 
Allow the tube to cool, or reverse the ohmmeter test leads 
so that the negative ohmmeter test lead is applied to the 
grid. | 
(6) TOLERANCE VALUES FOR RESISTANCE 
MEASUREMENTS. Tolerance means the normal differ- 
ence that is expected between the rated value of the 
resistor and its actual value. 

(a) Most resistors that are used in radar circuits 
have a tolerance of at least 10 percent. For example, the 
grid resistor of a stage might have a value of 1 megohm. 
If the resistor were measured and found to have a value 
between 0.9 megohm and 1.1 megohms, it would be con- 
sidered normal. As a rule, the ordinary resistors used in 
circuits are not replaced unless their values are off more 


RESISTANCE 
VOLTMETER BEING CHECKED 
+300 VOLTS 
POWER SUPPLY | Ry 
an i 
i = 


Ry = 222 Ry (APPROX.) 


EXAMPLE 

Vs§ VOLTS. THE METER IS USED ON ITS 300 VOLT 
RANGE AND HAS A RESISTANCE OF 1,000 OHMS-PER- 
VOLT. 

Ry = 300 X 11,0002 300,000 OHMS. 

Rx# “22 x 300000518 MEGOHMS. 

Tu 35530 
Figure 251. Measurement of high resistance. 
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than 20 percent. Some precision resistors and poten- 
tiometers are utilized. When a resistor is used whose 


value must be very close to its rated value, the tolerance 
is ustatly-stated on the diagram. 


(6) The tolerance value for transformer windings is 
generally between 1 and 5 percent. As a rule, suspect a 
transformer which shows a resistance deviating more than 
5 percent. Allow the transformer to cool off before the 
resistance test is made. 


b. High-resistance Measurements. Many leakages 
will not show up when measured at low voltages. Most 
ohmmeters use a maximum test voltage of 15 volts on the 
highest resistance range. Where it is necessary to measure 
resistance above a few megohms, or to measure the leak- 
age resistance between conductors of a cable, the test 
should be made using an applied voltage of 100 volts or 
more. Where it is possible to ground one end of the 
resistance being checked, one of the low-voltage power 
supplies in the equipment can be used to provide about 
300 volts for making these high-resistance measurements. 
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The manner in which such measurements are made it 
indicated in figure 251. This method should be used only 
when the resistance being measured is very high. Be 
careful not to handle the meter after the circuit has been 
completed. The meter used should have an ohms-per-voli 
sensitivity of 1,000 ohms or more. The resistance of the 
meter. is equal to the ohms-per-volt sensitivity multiplied 
by the range to which the meter is set. The derivation of 


the formula Rx = 220Rm j, very low. If the voltage 


used is not 300 volts, the correct value should be inserted 
in the formula in place of 300. 


c. Practical Example of Resistance Analysis. Tee 
low-voltage power supply shown in figure 252 will be 
used in this example. Suppose that a fuse in the primay 
circuit of the power transformer has blown out. Th 
cause is obviously an overload. The overload may be! 
short circuit in the unit to which the power supply fu: 
nishes power, a short circuit in the power supply, or! 
short circuit in the primary circuit of the power trans 
former. 
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Figure 252. Schematic diagram for resistance analysis. 
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(1) Points 1, 2, 3, -4, 5, and 6 represent connections to 
a plug which takes power away from the power supply. 
Disconnect the plug and replace the blown fuse. (Since 
this is a low-voltage circuit, it is not likely that any dam- 
age will be done by blowing another fuse). Turn the 
power on. If the fuse blows again, the trouble was not 
in the unit to which power is supplied. 

(2) If the fuse blew the second time, the resistance be- 
tween point 2 and ground should be checked. If this 
resistance is within 10 percent of 12,100 ohms (the sum 
of the resistances in the bleeder chain equals 12,00 
ohms}, the trouble is in the secondary or primary of the 
transformer. For this analysis. it will be assumed that 
the resistance was found to be much less than 12,400 ohms. 
(3) If the resistance between point 2 and ground is 
found to he zero. capacitor C3 must he shorted. In order 
to test the capacitor, disconnect its lead from point M. 
The actual resistance of the capacitor ¢an then be 
measured. 

(4) A resistance between point 2 and ground of 550 
ohms, indicates that capacitor C2 is shorted, since coil 
LI] has a resistance of 550 ohms. Test capacitor C2 by 
disconnecting it from ground and hy measuring _ its 
resistance. 


(5) A resistance of 850 ohms hetween point 2 and 
ground indicates a short circuit in.the rectifier tube. the 
filament winding, or capacitor C. To discover which is 
shorted, remove the tube from its socket and again meas- 
ure the resistance between point 2 and ground. If the 
fault is still present, it is either in capacitor C or in the 
filament winding. If the fault disappears when the tube 
is removed, the fault is in the tube. 

(6) If the resistance between point 2 and ground is 
about 1.000 ohms. the trouble is in either the circuit to 
the right or to the left of point M. To isolate the trouble 
disconnect the circuit at M. If the resistance between point 
2 and ground is still much less than 12,400 ohms, the 
fault is in the bleeder chain. To check the chain, pro- 
ceed as follows: 


(a) Measure the resistance between points 2 and 3. 
If it is not close to 4.700 ohms. the resistor between these 
points should be replaced. 


(b) If the above check was satisfactory. the resistance 


between point 3 and ground should be checked. From, 
figure 252. it is seen that the reading should be 7.700 
ohms. If the reading is zero. first disconnect capacitor 
C4 and check it. If‘ capacitor C4 is normal. check the 
3.200-ohm resistor. If the resistance between point 3 and 
eround was gre&ter than zero but much less than 7.700 
ohms. disconnect capacitors C41. C5. and C6 from the’ 
circuit. Then check the capacitors and the 1,500-ohm and 
the 3,000-ohm resistors individually. 
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128. CAPACITOR TESTS. Capacitors which are 
leaky or shorted can be found by resistance checks of the 
stage. A capacitor which is suspected of being open can 
best be checked by shunting a good capacitor across it. 
In i-f circuits, keep the lead to the capacitor as short as 
the original capacitor leads. In video and low-frequency 
circuits (less than 1 megacycle), the test capacitor leads 
may be several inches long. 


129. CURRENT MEASUREMENTS. Current mea- 
surements, other than those indicated by the panel meters, 
are not ordinarily required in trouble shooting in the 
radar set. Under special circumstances where the voltage 
and resistance measurements by themselves are not sufh- 
cient to localize the trouble, a current measurement can 
be made by opening the circuit, and connecting an am- 
meter to measure the current. This procedure is not - 
recommended except in very difficult cases. 


a. When the meter is in a circuit to measure current 
it should always be inserted away from the r-f end of the 
resistance. For example, when measuring PLATE cur- 
rent, do not insert the meter next to the plate of a tube, 
but insert it next to the end of the resistor which connects 
to the power. This precaution is necessary to keep the 
meter from upsetting the r-f voltages. 


CAUTION: A meter has least protection against 
damage when it is used to measure current. 
Always set the current range to the highest 
value. Then. if necessary, decrease the range to 
give a more accurate reading. Avoid working 
close to full-scale reading because this increases 
the danger of overloading the meter. 


b. In most cases. the current to be measured flows 
through a resistance which is either known or can be 
measured with an ohmmeter. The current flowing in the 
circuit can be determined by dividing the voltage drop 
across the resistor by its resistance value. The drop 
across the cathode resistor is a convenient method of 
determining the cathode current. For an example, see 
the paragraph on voltage measurements. 


130. TUBES. 


a. Tube Failures. Tube failures are responsible for 
a large percentage of the faults which occur in radar sets. 
There are. however, too many tubes in a radar set for a 
trouble shooter to attempt to find a fault by indiscrimi- 
nate tube changing. Do not resort to tube changing until 
the fault has been traced to a particular stage. * 


(1) When putting a new tube into a circuit. note the 
position of all controls before making any changes. If 
retuning the controls with the new tube in the circuit does 
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not correct the abnormal condition, return the controls 
to their original position and put the old tube back in 
the circuit, unless a tube test shows the tube to be def- 
nitely bad. 


CAUTION: In many radar circuits the inter- 
electrode capacitance of a tube is a part of a_ 
tuned circuit. When tubes are switched, the 
tuning of the circuits is upset. If too many 
tube substitutions are made, the set may become 
seriously misaligned as a result of the tube 
changes. 


(2) When replacing a tube in a circuit, decide at once 
whether or not to keep the old tube. Do not change the 
tubes indiscriminately, or the spares box will become full 
of tubes whose age and condition are uncertain. 


b. Tube Checking. Tube checkers are used to check 
the emission of electrons from the cathode, and to test 
for shorted elements. Tube checkers will not test the 
performance of high-voltage tubes and rectifiers and 
some special tubes in the modulator and rectifier. Tube 
checkers are useful, however, for checking receiving-type 
tubes used in the various components. 


(1) Results obtained from a tube checker are not always 
conclusive, because the conditions are not the same as 
those under which the tube operates in the set. For this 
reason, the final test of a tube must be its replacement 
with a tube which is known to be good. In many cases it 
is quicker and more reliable to replace a suspected tube 
with a good one than to check it with the tube checker. 


(2) An operating chart and an instruction book are pro- 
vided with the tube checker. This chart indicates the 
setting of the tube checker for each tube type. The 
number of controls, their arrangement, and settings vary 
with different types of tube checkers. 


131. CHECKING WAVEFORMS. 

a. Signal Tracing. Basically, signal tracing means 
following the progress of a signal through a circuit. The 
signal may mean a video signal, a sweep voltage, a wide- 
gate voltage, or any other waveform which appears in the 
various parts of the equipment. A departure from the 
normal waveform indicates a fault located between the 
point where the waveform is last normal and the point 
where it is observed to be abnormal. For example, if a 
waveform is observed to be normal at the grid of a stage 
and abnormal at the plate of the same stage, this indicates 
that the trouble lies in that stage. 


(1) When the waveform of a multivibrator, a blocking 
oscillator tube, or a similar circuit is found to be abnor- 
mal, replace the tube before making any further tests. If 
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replacing the tube does not correct the waveform of the 
original tube, place it back in the socket. 

(2) When a component does not give the expected wave- 
form, the fault is not necessarily in the component. The 
abnormal waveform may be due to the absence of a syn- 
chronizing or triggering pulse from another component. 
The point at which to start signal-tracing a component is 
at the input trigger plug. 

(3) It is sometimes desirable to know definitely if a sig- 
nal voltage (used in the broad sense) is wetting to the 
grid of the first tube in a channel. To determine this when 
a test jack is not provided, remove the first tube in the 
channel involved so as to make the grid connection of the 
tube available from the top of the chassis. Then insert 
the test lead of the oscilloscope in the grid connection of 
the tube socket in order to see the waveform. 


b. Use of Test Oscilloscope. Waveforms are the 
basis of radar operation. The outstanding advantage of 
the oscilloscope is that it can be used to observe and to 
measure waveforms at the various test jacks and other 
points in the equipment. By comparing the observed 
waveform with the actual reference waveform shown in 
the data, the fault can be rapidly localized. If, however, 
waveforms are measured at random, without a logical 
procedure, such as that originating with the starting pro- 
cedure, the result may be a loss of time in finding the 
fault. The measurements of the waveforms with the test 
oscilloscope involve several essential points: 

(1) INITIAL ADJUSTMENTS. The oscilloscope mus 
be set up in accordance with the manufacturer's 10 
structions. 

(2) SWEEP FREQUENCY. Adjust the sweep frequency 
to a frequency lower than the recurrence frequency of the 
waveform being observed. For ordinary measurements, 
adjust the sweep frequency so that 2 or 3 cycles of the 
waveform appear on the screen. If more detail is desired, 
increase the sweep amplitude to spread the waveform. 
(3) SIXTY-CYCLE WAVEFORMS. Some of the wave: 
forms have a fundamental or recurrence frequency of 
60 cycles. In observing these waveforms the sweep [re 
quency can be set so that 2 cycles of the waveform are 
observed. | 

(4) SYNCHRONIZATION. Avoid excessive synchro 
nizing voltage. If the SYNC control is advanced too far, 
the sweep will become nonlinear, with the result that the 
waveform will be distorted. Be sure that the fine fre 
quency control on the oscilloscope is properly set so as (0 
obtain a nearly stationary image. Then, advance the 
SYNC control only far enough to make the trace #& 
tionary. 
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(S) SIXTY-CYCLE PICKUP. If some fault is present, 
it may be impossible to. obtain a stationary pattern, even 
though the oscilloscope frequency control is properly 
adjusted. This effect is usually due to the presence of 
60-cycle modulation or 60-cycle pickup combined with 
the observed waveform. To check, turn the oscilloscope 
sweep frequency to 30 cycles. If the effect is due to line 
pickup, a stationary pattern will be observed. The inside 
of this pattern will, of course, be more or less filled, be- 
cause of the much higher frequency of the waveform 
being observed. 

(6) REACTIONS OF OSCILLOSCOPE ON WAVE. 
FORM. Remember that the oscilloscope, because it shunts 
capacitance and resistance across the circuit, modifies the 
actual operating waveforms present in the circuit. This 
does not affect the usefulness of waveform measurements. 
The reference waveforms shown in this manual were taken 
with a typical oscilloscope under the same conditions as 
the repairman takes the waveforms. 

(7) TEST LEADS. Avoid the use of a shielded test lead 
or twisted leads when taking waveforms. Each of these 
shunts a capacitance across the circuit under test, causing 
the waveform to be distorted and therefore different from 
that shown in the data. The waveforms shown in the test 
data were taken by using an unshielded lead. The ground 
lead should be connected at all times. 


(a) Keep the ungrounded oscilloscope test lead away 
from other circuits to avoid introducing feedback. The 
test leads should be brought from the test points in a way 
which introduces the minimum amount of coupling to 
other stages. 


(b) The leads to the oscilloscope must be kept short 
when measuring grid voltages from circuits where the 
grid capacitors are small. The smallest reaction on the 
waveform is introduced when measuring the voltage across 
the oytput (cathode) of a cathode follower, or of any 
Jow-impedance circuit. 


(c) In measuring waveforms in high-impedance cir- 
cuits, do not handle the hot test lead. If this precaution 
is not observed, the waveform will be distorted as a result 
of loading the circuit‘and picking up the 60-cycle voltage. 


(d) If a signal voltage is picked up on the test leads, 
the oscilloscope indication may be misleading. For ex- 
ample, a signal may appear on the oscilloscope even when 
a plate-to-grid coupling capacitor is open. This effect 
occurs most often in circuits carrving narrow-pulse wave- 
forms. Ig can be recognized by the fact that the wave- 
form will be reduced in amplitude below the normal and 
will be distorted because the high-frequency components 
are overemphasized. 
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(8) R-F AND I-F CIRCUITS. Do not attempt to measure 
voltages or waveforms in any of the r-f or i-f circuits. 
These frequencies are beyond the range of ordinary test 
oscilloscopes and no indications useful in trouble shoot- 
ing can be obtained. 

(9) REVERSING LINE PLUG. In some instances, a 
more stable pattern may be obtained by reversing the a-c 
line plug of the oscilloscope circuit. This may reduce the 
amount of 60-cycle pickups, if they happen to be trouble- 
some. 

(10) RELATIVE AMPLITUDE. In following the path © 
of the signal through a component, the amplitude of the 
waveform will usually increase as the checking point is 
advanced from the input stage toward the output stage. 
As the reference waveforms show, however, this is not 
always true. For example, when going from the grid to 
the cathode-follower stage, there is a loss in signal ampli- 
tude of about 10 percent. This is a normal condition. 
Another example is in connection with waveshaping cir- 
cuits, where a decrease in the width of a signal is some- 
times accompanied by a decrease in amplitude (as in 
differentiating circuits). 

(11) CALIBRATION. If it is necessary to measure the 
actual voltage of the waveform, the oscilloscope must be 
calibrated. Calibrate the oscilloscope by finding how 
many volts correspond to a 1-inch deflection on the screen. 
This is the sensitivity of the scope. 

(12) HIGH-VOLTAGE MEASUREMENTS. When volt- 
ages above a few hundred volts are measured, connect the 
test lead with the power turned off. 


CAUTION: Some test jacks do not have block- 
ing capacitors. The capacitors are left out so 
that d-c voltages can be measured at the test 
jacks. 


c. Comparison of Waveforms. If there is no fault 
in the circuit or equipment, an actual waveform taken at 
a point in the equipment should closely resemble the 
reference waveform. In some cases, however, differences 
in shape may occur for the following reasons: 

(1) The test leads to the oscilloscope may not be placed 
in the same manner. | , 
(2) A different oscilloscope may be used, having values 
of input resistance and capacitance which differ from 
those of the oscilloscope used in taking the reference 
waveforms. 

(3) The various controls in the equipment may not be 
in the same position as when the reference waveforms 
were taken. Note the conditions specified in the reference 
waveform. 
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GOLD 0.1 5 1,000 
SILVER 0.01 10 2,000 
NO COLOR 20 500 
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Figure 253. Capacitor color code. 
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(4) The same number of cycles may not be present. 

(5) The vertical or horizontal amplitudes of the refer- 
ence and the test patterns may nou be proportional. This 
will produce apparent differences in the shape of the two 
waveforms, when there is actually no real difference. 

(6) Whether or not a waveform is regarded as abnormal 
will depend upon the symptom accompanying the fault 
which is being traced. The discrepancy should be con- 
sidered significant if the fault could be caused by a minor 
difference in waveform at the point under test. Otherwise, 


OLD STYLE 


OLD STYLE 


BODY A 


Trouble-shooting Procedures 


Pars. 131-132 


time should not be spent in hunting down the cause of 
relatively minor differences between the shape of the 
reference waveforms and the test waveforms. 


132. USE OF THE SIGNAL GENERATOR. Signal 
generators are used to locate defective stages in radar 
receivers and to align the i-f amplifiers. 


a. Signal Tracing. (1) The signal generator output 
is fed to the first i-f frequency of the radar receiver. The 
output of the signal generator should be amplitude modu- 
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Figure 254. Resistor color code. 
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lated at an audio-frequency rate of between 400 to 10,000 
cycles per second. For information concerning the setting 
up of the signal generator, refer to the manufacturer's 
handbook accompanying the signal generator. 

(2) Make the leads from the signal generator to the re- 
ceiver as short as possible. Insert a coupling capacitor in 
the hot lead. For frequencies above 20 megacycles, the 
capacitance of the coupling capacitor should be around 
0.005 microfarads. 


(3) The i-f signal should be coupled by means of the 
coupling capacitor to the grid of the first i-f stage. If no 
output is shown on the radar oscilloscopes, connect a test 
oscilloscope to the plate of the detector. If no output ia 
seen on the oscilloscope, the fault lies in or between the 
first i-f amplifier and the detector (subpar. (a) below). 
If a sinusoidal waveform having the same frequency as 
the chosen modulating frequency is seen, the i-f stages and 
the detector are operating. In that case, the test oscillo- 
scope should be connected to the plate of the output stage 
of the receiver. If no output is seen there, the fault lies 
in or between the first video amplifier and the output 
stage (subpar. (b) below). 


(a) If the fault is found to be in the i-f stages or in 
the detector, connect the signal generator to the grid of 
the middle stage of the i-f amplifier. If there is a normal 
output from the detector, the fault is in one of the first i-f 
stages. If the detector has no output, the fault is in or 
between the middle stage and the detector. By moving the 
signal generator output either forward or backward, stage 
by stage, the faulty stage can be rapidly located. In order 
to locate the defective part in the stage, change the tube. 
If replacing the tube does not clear up the fault, make 
resistance and voltage checks of the stage. 


(6) If the fault is found to be in the video amplifers, 
leave the signal generator connected to the first i-f stage 
and move the test oscilloscope from the grid to the plate 
of each video stage until the defective stage is located. 
If changing the tube does not correct the fault, make 
resistance and voltage checks to locate the defective part. 


b. 1-f Alignment. A signal generator is used in align- 
ing i-f stages. The modulated output is fed to the grid of 
the stage preceding the stage being aligned. This is 
done to prevent the shunting effect of the signal generator 
from upsetting the circuit being aligned. The stage clos- 
est to the detector is aligned first. By working backward 
through the i-f stages, they are all brought into align- 
ment. Each stage is adjusted to produce maximum indi- 
cation on the oscilloscope. Adjust the stages with a non- 
metallic aligning tool. If no tool is available, one can be 
made from a dry wooden rod. At all times, use the mini- 
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mum signal generator output that will produce a satisfac- 
tory indication. 


133. REPLACING PARTS. Careless replacement of 
parts often makes new faults inevitable. Note the follow- 
ing points: : 


a. Before a part is unsoldered, note the position of the 
leads. If the part, such as a transformer, has a number 
of connections to it, tag each of the leads. 


b. Be careful not to damage other leads by pulling 
or pushing them out of the way. 


c. Do not allow drops of solder to fall into the set, 
since they may cause short circuits. 


d. A carelessly soldered connection may create a new 
fault. It is very important to make well-soldered joints, 
since a poorly soldered joint is one of the most difficult 
faults to find. 


e. When a part is replaced in r-f or i-f circuits, it must 
be placed exactly as was the original one. A part which 
has the same electrical valye, but different physical size, 
may cause trouble in high-frequency circuits. Give par- 
ticular attention to proper grounding when replacing a 
part. Use the same ground point as in the original wiring. 
Failure to observe these precautions may result in de- 
creased gain, or possibly in oscillation of the circuit. 


SECTION II 
. TEST EQUIPMENT 


134. TEST EQUIPMENT SUPPLIED WITH SET. 


a. Standard. The following standard test equipment 
is furnished with Radio Set AN/MPN.1: 
(1) Test Equipment IE-19A. 
(2) Test Set RC-55-A. 
(3) Analyzer, Weston, model 772. 
(4) Oscilloscope, DuMont, model 241. 
(5) Signal generator, Hickock, model 19X. 
(6) Tube tester, Hickotk, model 540. 


b. Special. Special test equipment is also furnished 
with the radar set, in addition to two Synchroscopes 
TS-64/MPN-1. The special equipment is as follows: 
(1) Test Set TS-224’UP. 

(2) Power Monitor TS-125/AP. 

(3) Power Monitor TS-36,AP. 

(4) Voltage Divider TS-222/MPN-1. 
(5) Flux Meter TS-15, AP. 

(6) Echo Box TS-217/MPN.1. 

(7) Test Set TS-13, AP, modified. 
(8) Echo Box TS-225/MPN-1. 
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Figure 255. Tube base chart. 
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and Test Set RC-55-A for use with the communications 
installations of the equipment, refer to the instruction 
books as supplied with each test set. The following para- 
graphs contain complete functional descriptions and oper- 
ating instructions for the use of all special test equipment. 
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Figure 258. Signal generator. 
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Figure 256. Analyzer and multiplier. 


c. Instructions. For application and functioning of 
the analyzer (fig. 256), oscilloscope (fig. 257), signal gen- 
erator (fig. 258), and tube tester (fig. 259) refer to the 
_ operating instruction book packed with each test set. For 
application and use of standard Test Equipment IE-19-A 
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Figure 257. Oscilloscope. Figure 259. Tube tester. 
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Figure 260. Synchroscope TS-64/MPN-1, front view. 


135. SYNCHROSCOPE TS-64/MPN-1. 

a. Description. (1) The synchroscopes are used as 

test instruments for aligning and checking electronic 
components of the radar system. One synchroscope is 
mounted in bay 2 of the indicator rack (fig. 11), imme- 
diately below the channel B synchronizer; the other is 
located in bay 8 of the transmitter rack (fig. 10). 
(2) The front panel of the synchroscope (fig. 260), con- 
tains the face of the 3-inch cathode-ray tube, and all the 
controls necessary for the operation of the unit as an 
oscilloscope, a synchroscope, or as a cathode-ray tube. 
The panel also mounts jacks for the interconnection of 
the synchroscope with the unit being tested. Synchroscope 
TS-64 combines in one piece of equipment a synchroscope 
having sweep speeds ranging from 2.5 to 250 micro- 
seconds per inch, and an oscilloscope having a linear 
sweep frequency ranging from 150 cycles to 7,500 cycles 
‘per second. The synchroscope may be triggered from an 
internal or external source, and is capable of furnishing 
positive or negative triggers at the same recurrence rate 
as the system. A self-contained power supply, a video 
amplifier and an attenuator are included. 


(3) Test leads, provided with each synchroscope, may be 
connected between the input jacks on the synchroscope 
front panel and the test points located in the various com- 
ponent chassis for viewing voltage waveshapes at these 
points. The video output circuits of all four receivers, 
S-band and X-band, A and B channels, are connected to a 
selector switch on the synchroscope, making it possible 
to view video output pulses of any operating receiver. 
The synchroscope may be synchronized with either the 
A or B channel positive synchronizer triggers or by the 
use of its own internal trigger. 


(4) The synchroscope is used as an A scope for system 
tuning, by applying the synchronizer trigger to the syn- 
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chroscope sweep circuit and the video pulse of one of the 
receivers to the vertical deflection plates. 


CAUTION: Extremely high voltages will be en- 
countered if the cover of the synchroscope is 
removed during operation. 


b. Comparison of Synchroscope with Oscillo- 
scope. (1) The synchroscope is a test instrument de- 
signed to analyze the voltage functions which the standard 
test oscilloscope is unable to handle. It can be adjusted 
for viewing waveshapes over a considerable range of 
frequencies. Most test oscilloscopes are not suitable for 


‘viewing discontinuous waveshapes. even though they are 


repeated periodically. Impulse waves of extremely short 
duration in comparison with their recurrence frequency, 
such as the various trigger and sweep voltages generated 
in this equipment, are especially inconvenient for oscil- 
loscope observation. 

(2) If a pulse of short duration is placed on an oscil- 
loscope whose sweep speed is adjusted to be synchronized 
with its return trace or period, the sweep will be so slow 
that the pulse (whose duration may be 5 or 10 micro- 
seconds) will show up on the oscilloscope as a straight 
vertical line. If the sweep speed is increased in order to 
spread the pulse waveshape on the scope face, a synchro- 
nization problem will be encountered. At first there is @ 
single sweep in which the pulse appears and then there 
will be a large number of sweeps having no signal im- 
pressed on them due to their occurrence in the period 
between pulses. If an oscilloscope sweep frequency of 
1,000 sweeps per second, with a pulse of 1 micro- 
second duration and a recurrence rate of 1,000 per 
second is to be viewed, each sweep will take 1,000 
microseconds to complete its trace; the signal pulse, 
one microsecond wide, will occupy a space on the scope 
equal to 1/1000th of the sweep, and this image appears 
merely as a straight line. If, for example, the sweep 
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frequency is increased to 500,000 sweeps per second; 
each sweep will require 2 microseconds for completion 
and the signal pulse’ to be viewed will occupy one half 
of the sweep, which makes a study of its waveform pos- 
sible. However, a number of sweeps, in this instance 499, 
appear between pulses and complete their straight-line 
trace with no signal being impressed. Synchronizing of 
the sweeps cannot be done accurately enough to insure 
the 500th sweep (on which the signal is impressed) of 
being synchronized so that the signal will repeat over the 
trace of the preceding signal. Enough shifting takes place 
to make this type of application of little value in study- 
ing such waveforms. 


(3) The two requirements of the basic synchroscope 
design are as follows: 


(a) It must provide a sweep fast enough to spread the 
viewed pulse well across the face of the cathode-ray tube 
(CRT). 

(b) The sweep must be synchronized with the pulse 
to prevent shifting of the image on the face of the CRT. 
(4) In asynchroscope, the sweep circuit is set into opera- 
tion by use of a trigger voltage nearly in phase with the 
signal pulses and having the same recurrence rate. This 
trigger is applied to the sweep circuits at the same time 
that the pulse to be viewed is applied to the synchroscope. 
A timed sweep is provided which is fast enough to spread 
the pulse image across the face of the CRT, with one 
sweep being generated for each signal repetition. After 
each sweep, the spot on the tube face returns to its origin 
and remains there until the next pulse and trigger are 
applied to the sweep circuit; thus the sweep remains idle 
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between pulses and by use of the trigger it is synchronized 
with the signal voltage. In this way, the synchronization 
problem in the oscilloscope is avoided and the synchro- 
scope may be used to observe waveforms of very short 
duration. 


ce. Circuit Analysis. The synchroscope consists of the 
following circuits (fig. 261) which are assembled on a 
single chassis and operated by controls located on a front 
panel: 


(1) A cathode-ray tube (CRT), and its associated low 
and high-voltage power supplies. . 

(2) A signal input circuit by means of which the input 
signal may be applied to the vertical deflection plates of 
the CRT either directly, through a capacitor, or through 
a controlled gain amplifier. 


(3) An oscilloscope sweep circuit which generates a con- 
tinuous saw-tooth wave voltage providing a linear hori- 
zontal sweep on the CRT. 


(4) A synchroscope sweep circuit which supplies a linear 
horizontal sweep during the time in which the pulse to 
be viewed is applied to the vertical CRT plates. The spot 
on the CRT is deflected only during this period and re- 
mains idle between pulses. The circuit is triggered by the 
pulse that triggers the waveshape to be viewed; therefore, 
the CRT sweep is synchronized with the pulse to be viewed. 
(5) An auxiliary trigger generating circuit may be used 
to trigger the entire radar system or any particular com- 
ponent which is being separately tested: Provision is 
made for utilizing the internal trigger to actuate the syn- 
chroscope sweep circuit generator. 


OSCILLOSCOPE 


rO INTENSIFIER GRID OF CRT 
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Figure 261. Synchroscope TS-64/MPN-1, functional block diagram. 
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Figure 262. Synchroscope CRT and power supply, 
simplified schematic diagram. 


d. Cathode-ray Tube and Power Supplies. CRT 
V11 (3AP1) is an electrostatic deflection type tube, with 
a 3-inch viewing screen. Bias and d-c centering voltages 
are supplied by high-voltage rectifier units located in the 
synchroscope chassis. Figure 262 presents a simplified 
schematic diagram of the power supply and its connec- 
tions to the CRT. Note that the negative side of the low- 
voltage power supply is grounded and that relatively small 
positive voltages are supplied to the horizontal and verti- 
cal deflection plates and to the first anode. The low-volt- 
age power supply is a full-wave rectifier, V14 (SR4GY), 
with regulation produced by a choke-input, double-section 
filter comprising the 10-henry chokes, L3 and L4, and C49 
and C51, which are 10-microfarad capacitors. The ]-meg- 
ohm potentiometers, PS and P6, supply the output bleeder 
resistors with variable taps for application of positive 
voltages to one of each pair of deflection plates. An out- 
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put positive voltage of 290 volts is applied as a plate- 
voltage supply to other tubes within the component. The 
positive side of the high-voltage power supply, the half- 
wave rectifier V15 (2X2), is grounded. R63 and R64, 
together with C50 and C52, provide output filtering. The 
voltage appearing across the output bleeder which is com- 
prised of R65, P7, R66, and P8, reaches a negative maxi- 
mum of 1,125 volts. The negative voltages tapped off the 
resistér network are placed on cathode, control grid, .and 
focusing grid. The cathode is made a point of reference 
at approximately 1,000 volts negative potential; the con- 
trol grid bias is variable to 125 volts negative with 
respect to the cathode; and the focusing grid is variable 
between -500 and —950 volts. These differing voltages 
provide adjustment for brilliance, focusing, and for 
horizontal and vertical centering. These voltages are 
controlled by potentiometers located on the front panel 
of the unit. 
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e. Input Signal Circuit. (1) The waveform to be ment, as well as an attenuation ratio adjustment. Three 
studied ix applied to the synchroscope either through the attenuator ratios may be selected by means of switch SW4, 
signal input jack, located on the front panel, or from the providing input signal attenuation ratios of 100-1, 10-1, 
receiver video output wired to the synchroscope connector or 1-1. 
strip. Selection of the input and the type of operation is (3) The output of the attenuator circuit is fed to the grid 
made through selector switch SW3 (fig. 263). Three- of the cathode follower tube V8(a) (6SN7-GT). The 
position switch SW5 permits choice of positions DIR. output appearing across R37 is coupled through C32 to 
CAP., or AMP. appear across voltage divider Pl and R39. P1 is the 
JACK 3 

Vil 


ay 
: 







SW 5-A 
VIDEO AMPLIFIER 
V8 v9 vio 


Figure 263. Synchroscope input signal circuit, functional 
block diagram. 
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(2) By placing the selector switch in the DIR. position, VERTICAL GAIN CONTROL on the front panel. The 











the signal is placed directly on the vertical deflection signal taken off is coupled through capacitor C33 to the 
plates of the CRT. If the signal has a d-c component this grid of V9 (6AC7), an inductance-compensated video 
may be eliminated from the trace on the CRT by placing amplifier. This stage is designed to have a broad fre- 
the selector switch in the CAP. position, thus coupling quency response characteristic in order to avoid distort- 
the signal to the plate through capacitor C40. Should the ing the signal pulse. Plate inductance Ll] serves to 
incoming signal require amplification before being ap- broaden the over-all response characteristic by resonating 
plied to the CRT, the switch may be placed in the AMP. with the various circuit capacitances at higher frequen- 
position. In this case, the signal is first coupled to a cies, and prevents amplification from falling off. 
calibrated attenuator composed of three capacitor-resistor (4) The output of tube V9 is fed through capacitor C36 
networks. Variable capacitors C27 and C29 (fig. 264) to the grid of V10 and is video-compensated through the 
provide a linear frequency-response characteristic adjust- application of L2 in its plate circuit. The output pulses 
B+ B+ 
R43 R46 
2200 2500 
R38 =. =p 
47 > 150 uA > 150 uh SW5-A 
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Figure 264. Synchroscope attenuator and amplifier, 
7 simplified schematic diagram. 
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are applied through C37 to position 3 (AMP.) of selector 
switch SW5-A for application to the vertical deflection 
plate of the CRY. 

(5) When the unit is used as an ordinary CRT, the verti- 
cal deflection signal is applied to the tube in the usual 
manner. as described above, and the horizontal deflection 
plates are disconnected from the internal sweep circuit 
by means of multiposition switch SW3-2 (fig. 275) and 


are connected at position 1 on the switch to plug 2, the 


HORIZONTAL INPUT jack. External horizontal deflec- 





Service Manual 


TM 11-1543 


or C46 is charged through resistors R55 and P3 from the 
B+ supply. The capacitor charging curve is exponential. 
but only the linear lower portion is used. Somewhere 
along this portion of the curve the voltage reaches a point 
where it equals the striking voltage required by tube V12. 
As the tube starts to conduct, the capacitor discharges 
rapidly through the tube. Because the capacitor discharge 
through the low series resistance of R54 (270 ohms) and 
tube V12 is very small, the discharge time is neglig- 
ible in comparison with the charging time. As soon as the 
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Figure 265. Oscilloscope sweep circuit, simplified 
schematic diagram. 


tion voltage is now applied to the CRT through this con- 
nector. The d-c operating voltages for the CRT are pro- 
vided by the two power supplies. 


f. Oscilloscope Sweep Circuit. (1) Saw-tooth 
voltage waves generated by this circuit are applied to the 
horizontal deflecting plates of the CRT, producing a linear 
horizontal sweep for test oscilloscope application. Tube 
V12 (884) (fig. 265) and the RC network operate as a 
variable frequency relaxation oscillator. The output is 


amplified by tube V13 (6SJ7-GT). 
(2) As selected by switch SW6, capacitor C43, C44, C45, 
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capacitor voltage falls below the minimum value neces- 
sary to keep V12 ionized, the tube de-ionizes and the 
charging of the capacitor begins again. 

(3) By using a plate voltage considerably larger than 
the firing voltage of tube V12, the capacitor charges 
toward the higher value and the portion of the charging 
curve between the tube de-ionization and firing voltages 
is essentially linear. When amplified, this linear voltage 
produces the oscilloscope saw-tooth sweep. The saw-tooth 
wave appears across resistor combination R58 and P4. 
From the tap on P4, a portion of the voltage is applied to 
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the grid of V13 to be amplified and applied through C24 
to one of the contacts on switch SW3-2, from which it 
can be applied to the horizontal deflecting plates of the 
CRT. 

(4) Frequency of the saw-tooth sweep is controlled by 
varying the length of time required fur the charging 
curve between the tube de-ionization voltage and the 
striking voltage. This elapsed time, and the frequency of 
the sweep, are roughly controlled by varying the size of 
the charging capacitor. To increase the capacitor size 
would decrease the slope of the charging curve, resulting 
in a lower frequency, or to decrease the value of the 
capacitor would increase the frequency. Switch SW6O. 
which selects one of the four values of capacitance, is 
located on the front panel and is the frequency-coarse 
adjustment. A vernier adjustment of frequency provided 
by potentiometer P3 produces small changes in the charg- 
ing rate by varying the amount of series resistance in the 
charging circuit. This potentiometer is located on the 
front panel and is the frequency-fine adjustment. 


(5) Sweep lock control P2 establishes the level of grid 
voltage for V12 and is coupled through C31 to the plate 
circuit of V9, the first amplifier tube in the signal input 
circuit. Thus a small portion of the amplified signal 
input can be fed back to the oscillator grid circuit. to 
serve as a synchronizing voltage. 
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(6) Since WI2 is a grid-controlled thyratron. this: svn- 
chronizing voltage causes the firing voltage of the tube 
to varv directly with the input signal voltage. Tf the 
oscillator frequeney is adjusted to approximately the: 
sisnal frequency. the svachronizing voltage on the grid 
of W12 will trip the tube at a given point on the input 
signal wave and will lock the sweep in synchronism with 
the signal frequency. This will prevent the signal from 
drifting. despite small changes in circuit: voltages. 


g. Internal Trigger Circuit. (1) The svachroscope 

includes its own internal trigger source (fig. 2061 to per- 
mit greater flexibility in its use. When no system trigger 
is available. the synchroscope trigger actuates the com- 
ponent being tested, and svachronizes the internal circuit 
of the test instrument. 
(2) Free-running multivibrator V5 COSN7-GT) (fig. 
206) develops an output rectangular wave of 500 micro- 
seconds duration. Both leading and trailing edees of this 
wave are differentiated to form sharp voltage peaks 500 
microseconds apart. These peaks are applied to trigger 
blocking oscillator V6. The output of VO COSN7-GT> is 
brought to the TRIG. OUT jack on the front panel. The 
multivibrator output wave is also applied through the 
INT. position of trigger selector switch SWI-TA to the 
svnehroscope sweep) generator circuit) beginning with 
V2 (OSN7-GT). See figures 2660 and 270. 
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Figure 266. Synchroxcope internal trigger circuit, 
functional block diagram. 
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(3) Multivibrator V5 (fig. 267) operates freely, the time 
of conduction of the triodes being determined by the two 
RC combinations R23-C13 and R24-C14. Both capacitors 
are of the same value, 0.002 mf but resistors R23 and 
R24 are 62,000 and 22,000 ohms respectively. The volt- 
age output is taken from the plate of V5(b) and applied 
to the inverter amplifier stage V6(a) through C15 and 
across R25. R25 and the small value of C15 produce 
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tive pulses. The plate output of V6(a) is coupled to the 
grid of V6(b), a typical blocking oscillator. Only posi- 
tive pulses will be applied to the grid of V8(b), owing to 
the clipping and inverting action of V8(a). 


(4) On examination of the grid voltage waveforms (fig. 
268) it is apparent that the 500 microsecond pulse from 
V6(a) raises the grid above cutoff and triggers the block- 
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Figure 267. Synchroscope internal trigger circuit, 
simplified schematic diagram. 


pulses with an extremely short time constant. Therefore 
the plate output wave from V5 is not impressed on the 
following grid but only the differentiated leading and 
trailing edges, which appear as sharp positive and nega- 
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ing oscillator earlier than would occur if the natural 
charging curve were followed. 

(5) The transformer tertiary winding is loosely coupled 
to the plate winding and its terminals brought out to the 


EP 


8+ 
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Figure 268. Triggered blocking oscillator, grid 
voltage waveforms. 
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TRIG. OUT jack with polarities marked. This 2,000-cycle 


trigger is available for test application. 


h. Synchroscope Sweep Circuits. (1) A functional 
block diagram of the synchroscope sweep circuit is shown 
in figure 269. The rectangular gate from multivibrator 
V5 is applied through the contacts-of switch SW1-1A to 
the differentiating network C5 and R8, which presents it 
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control grid of cathode-ray tube V11. This short pulse 
blanks the CRT during the return trace so that it is not 
visible on the tube screen. The sweep developed must be 
synchronized with the input signal. 


_ (3) The input trigger, selected by SW1-2A (fig. 270), is 


applied to the grid of the first triode of V1 (6SN7-GT). 
If the input trigger is positive, an amplified negative 
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Figure 269. Synchroscope sweep circuit, functional 
block diagram. 


as a series of sharp pulses of alternately negative and 
positive voltages to the grid of V2(a). 


(2) The synchroscope sweep circuit develops a linear 
horizontal sweep for the cathode-ray tube, which is vari- 
able in five steps of 2.5, 7, 15, 85, and 250 microseconds. 
A short blanking pulse is generated for application to the 
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SWI-2A 
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trigger appears on the plate of Vl(a) and is applied 
through the contacts of SW1-1A to the grid input circuit 
of ¥2(a). In this case V1(a) is cathode-biased beyond 
cutoff by use of resistor network R7 and R2 between B+- 
and ground, contact being made through switch SW1-1B. . 
The contact is completed for the three positive trigger 
selection points, positions 3, 4, and 5 of SW1. 
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Figure 270. Synchroscope sweep trigger input circuit, 
simplified schematic diagram. 
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(4) If the input trigger is negative from a negative ex- 
ternal source or from the internal trigger, SW1-1B is 
disconnected and the positive pulse appearing on the 
plate of V1(a) is coupled through C4 across R6 to the 
grid of V1(b). The sharp negative plate output is applied 
to the grid of V2(a) through the second contact of 
SW1-1A. The negative internal trigger from V5 is 
brought directly to contact 1 of switch SW1-1A for that 
position of the selector switch. V1 and SW] are so con- 
nected that, regardless of the polarity of the input, a 
negative trigger is applied to the grid of V2(a). 


Te 20006 


Figure 271. Controlled gating multivibrator output 
waveform and trigger input. 


(S) Tube V2 and its associated network form an un- 
balanced free-running multivibrator with a long conduct- 
ing period. The action of the multivibrator is triggered 
by the input negative trigger to the grid of V2(a) (fig. 
271). The period of conduction in V2(a) is not critical 
in length, except that it must exceed 150 microseconds so 
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that the multivibrator will not trigger itself. The output 
of V2(b) is a negative voltage gate during the 350-micro- 
second conduction period. 


(6) The output of V2(b) serves as a gate for controlling 
the starting point of the synchroscope sweep and blank- 
ing pulse. The sweep occurs during the 350-microsecond 
portion of the wave and blanking occurs at the beginning 
of the 150-microsecond period. Since the starting point of 
this wave is controlled by the trigger which creates the 
wave being viewed, the CRT sweep is synchronized with 
the viewed signal pulse. 


(7) The linear sweep voltage applied to the CRT through 
capacitor C25 is produced by the discharge of any one of 
the four capacitors C20, C21, C22, and C23, as selected 
by switch SW2-B, through discharge tube V7 (6SJ7-GT). 
Choice of sweep length is made by selection of the differ- 
ent sized capacitors. Since V7 is a pentode with a plate 
current inherently independent of plate voltage, the 
capacitor selected is discharged at a constant rate. There- 
fore the voltage across the capacitor decreases linearly to 
provide a linear CRT sweep. 


(8) The cycle of charging and discharging the capacitor 
in the plate circuit of V7 is controlled by switch tube V3. 
Both triodes of V3 are connected together for parallel 
operation. The positive 150-microsecond gate applied to 
the grids of V3, which are normally biased to zero, causes 
the tube to conduct heavily and to charge the sweep 
capacitor connected to switch SW2-B. The negative 350- 
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Figure 272. Symehroscope sweep waveform. 
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microsecond pulse from V2 then biases V3 to cutoff, ' 


allowing the sweep capacitor to discharge through V7. 
As the result of the sweep circuit action, the CRT sweep 
starts at the beginning of the 350-microsecond pulse and 
continues until the end of the pulse, its speed being 
regulated by the size of the discharge capacitor selected. 


(9) Considering the cycle of the sweep, as shown by the 
solid line in figure 272, the sweep starts at time T1] and 


continues until T2, at which point the sweep voltage 


assumes a constant value and the spot remains at its 
maximum deflection. At T3, switch tube V3 allows the 
capacitor to begin its recharging cycle and the deflection 
voltage returns to its original value, allowing the spot to 
return to its origin until the next cycle begins. In order 
to eliminate the return trace from the CRT screen, blank- 
ing is applied to the intensifier grid of the ‘CRT during 
the period between time T3 and T4. 


(10) The blanking pulse is generated in blanking tube 
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(11) The length of the blanking pulse is determined by 
the value of resistance in the RC network, which sets the 
slope of the positive pulse applied to the grid of V4. A 
small value of resistance produces a narrow positive 
pulse and.a short gate, while a larger resistance value 
widens the pulse and permits a longer period of conduc- 
tion and hence a longer blanking gate to the intensifying 
grid of the CRT. 


136. TROUBLE SHOOTING THE SYNCHRO- 
SCOPE. 

a. Test Equipment. The test oscilloscope and the 
analyzer are used in the test procedure. 

b. Test Conditions. (1) Terminals AB 7-1 and AB 
7-2, or plug 5 connected to 117 volts ac (fig. 275). 
(2) System trigger applied to terminal AB 7-4 or AB 7-8. 


(3) Video signal from either A or B channel receiver 


applied to proper terminals, or a test waveform applied 
to plug 3. 


OUTPUT PULSE FROM 
MULTIVIBRATOR TUBE V2 


— —— INPUT TO GRID OF 
BLANKING TUBE V4 


OUTPUT OF BLANKING TUBE V4 
| TO INTENSIFIER GRID OF CRT 


TL 36038 


Figure 273. Blanking pulse generator waveform. 


V4. It is controlled by a portion of the output of V2(b). 
The multivibrator pulse (fig. 273) is fed to the grid of 
V4 through a timed RC circuit composed of capacitor C9 
and series resistors R13 through R17, placed in the circuit 


through switch SW2-A. The five positions of the switch 


correspond to the length of the CRT sweeps previously 
described. 


c. Test Procedure. For test purposes the synchro- 
scope system should be divided into the following circuits: 
(1) CATHODE-RAY TUBE AND POWER SUPPLIES. 
Tests for satisfactory operation of the CRT (cathode-ray 
tube) and the power supplies within the component will 
consist primarily of voltage and resistance checks, using 
figures 276-280 as references. Check the a-c and d-c volt- 
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ages on tubes V14 and V15, which supply the plate voltage 
to all tubes, and negative voltage for operation of CRT 
V11. Test the vertical sensitivity of CRT as follows: Con- 
-nect the positive terminal of the analyzer to the SIG. IN 
jack, the negative terminal to chassis of the synchroscope. 
Adjust the analyzer to read positive voltages to ground. 
Set the synchroscope selector switch to SYNCH., the 
C.R.T. INPUT to DIR., and the power switch to ON. 
Turn CENTERING control UP and DOWN so as to move 
the trace 1 inch on the face of the CRT. Note the change 
in voltage on the analyzer for this l-inch change in verti- 
cal position of the trace. The deflection sensitivity is then 
this change-in-voltage per inch. 


CAUTION: The voltage at the plate cap of 
V15, at cathode and filament terminals 1 and 7, 
signal and focusing grids of V11, range between 
-—500 and -1,250 volts dc. Use extreme caution 
when making tests at these points. 


(2) INPUT SIGNAL CIRCUIT. Check switch SW3, 
SW4, and SW5 which select voltage inputs for application 
to the CRT. A mechanical inspection of the wiring for 
loose connections, and the switch contacts for cleanliness 
and corrosion should be adequate for these portions of 
the circuit. Check operation of the video amplifier stages 
V8, V9, and V10, by applying a known voltage waveform 
to plug 3 with SW5 set to the AMP. position. Compare 
the pattern on the CRT screen with the known waveform. 
If the waveform is abnormal, check the voltage and resis- 
tance at tubes V8, V9, and V10. 
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(3) OSCILLOSCOPE SWEEP CIRCUIT. Since the os- 


cilloscope sweep voltage is generated by a relaxation 
oscillator V12 and the RC network as selected by switch 
SW6, most faults in this circuit can generally be traced to 
a defective tube V12 or to leakage in one of the capacitors 
selected by SW6. If the oscilloscope sweep will not lock 
in properly, check the resistance of P2, R41, and R53. 
Check capacitor C31 for leakage. If the above tests do 
not locate the defect, make voltage and resistance tests on 
tubes V12 and V13. 


(4) INTERNAL TRIGGER CIRCUIT. Set selector 
switch SW3 to SYNCH., and INPUT TRIG. switch to 
INT. Check the waveform at pin 1 of V2 and V6 as 
shown in figure 274. Connect the vertical plates of the 
test oscilloscope to the TRIG. OUT jack. The waveform 
at this point should be the same as pin 2 of V6. If no 
output is obtained at the TRIG. OUT jack, check the volt- 
age and resistance at the socket pins of tubes V1, V5, 
and V6. 


(5) SYNCHROSCOPE SWEEP CIRCUIT. Connect a 
test lead from the TRIG. IN jack on the synchroscope to 
terminal 4 of connector strip 7 on the synchronizer 
chassis. This applies a negative trigger voltage to switch 
SW2. Using the other synchroscope, observe the wave- 
form at pin 1 of tube V2, as shown in figure 274. To 
check the operation of tubes V3 and V4, observe the 
waveform at pin 3 of tube V3. As the SYNCHROSCOPE 
SWEEP SPEED switch is moved from position 1 to 5, 
the leading edge of the waveform at pin 3 of tube V3, 
should become less steep. To check operation of tube V4, 
observe the waveform at pin 3. The width of this wave- 
form should increase as the SYNCHROSCOPE SWEEP 
SPEED switch is moved from position 1 to 5. 
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Figure 274. Synechroscope waveforms. 
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Figure 275. Synchroscope TS-64/MPN-1, 
schematic diagram. 
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Figure 278. Synchroecope TS-64/MPN-], mounting beards. 
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Figure 279. Synchroscope TS-64/MPN-1, voltage chart.’ 
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Figure 280. Synchroscope TS-64/MPN-1, resistance chart. 
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137. TEST SET TS-224/UP. 


a. General Description. The test set (fig. 281) is 
designed for use in testing S-band radar equipment. It 
provides means for determining the power output of the 
transmitter, operating frequency of the transmitter and 
local oscillator, sensitivity of the receiver, and recovery 
of the T-R box. Power required is 70 watts at 117 volts 
ac, 50 to 800 cycles. 


b. Circuit Analysis. (1) The test set may be used as 
a pulsed signal generator when an external trigger voltage 
is connected to plug Pl (figs. 282 and 284). Trigger 
inverter tube Vl(a) permits the use of either a positive 
or negative trigger voltage. Switch SW1 cuts the inverter 
tube in or out so that a negative pulse will appear on the 
grid of V2(a). Tube V2 is a start-stop multivibrator in 
which the width of the gate can be controlled. R5 is a 
phase control mounted on the front panel; its adjustment 
determining the width of the waveform in the plate circuit 
of V2(b). The output of V2(b) is impressed across an 
RC network consisting of C6 and R10. The waveform 
across R10 is alternately positive and negative pulses. A 
large plate current flows through V3(b) and R11, causing 
V3(a) to be biased near cutoff; therefore, only the posi- 
tive pulse on the grid causes plate current to flow. The 
output of V3(a) is impressed across the RC combination 
of C8, R15, and R16. Pulse width control R16, located on 
the front panel, controls the time that plate current of 
V3(b) is cut off, thereby controlling the pulse width. The 
output of the pulse multivibrator is impressed on the 
grid of cathode follower V1(b). The output of tube 
V1(b) appears across R18 and is then amplified by the 
pulse amplifier V4. The output of V4 is used to pulse 
modulate the r-f oscillator, V5. 
(2) The test set becomes a special monitoring circuit 
when switch S4 is placed in position 1. Blocking oscil- 
lator tube V6(a) provides a pulse of fixed length and a 
recurrence frequency of approximately 600 cycles per 
second. These special pulsing characteristics are used in 
order to adjust the r-f oscillator tube voltage to corre- 
spond to reference levels of r-f power. The length of the 
pulse of V6(a) is factory adjusted so that a known amount 


of peak power is delivered at the antenna jack into a: 


matched load. Tube V6(b) acts as a buffer amplifier be- 
tween the blocking oscillator and the phasing multivibra- 
tor V2. Full-wave rectification is obtained through tube 
V8. This rectifier supplies all d-c operating voltages for 
the test set. 
(3) The r-f system is a microwave cavity oscillator, V5, 
a type 446B lighthouse tube (fig. 283). The principal 
parts of the cavity are: 

(a) The cavity proper, which comprises a silver-plated 
brass tube within which is located the type 446B tube. 
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(b) The cathode fingers, which contact the cathode 
ring of the tube and form one end of the cavity. 

(c) The plunger, which is adjustable by means of the 
screwdriver adjustment.: 

(d) The plate cap fingers, which slide over the plate 
cap of the tube. 

(e) The plate tuning shaft, to which the plate cap 
fingers are secured and which is actuated by the tuning 
dial. 

(f) The grid cylinder and grid cylinder sleeve assem- 
bly which fits on the grid of the tube. 

(g) The grid leak which is in a housing and which 
contacts the grid cylinder. 

(kh) The tailpiece which holds the tube, and the loop 
which serves to transfer r-f power from the cavity to the 
thermistor and to the attenuator. 

(t) An r-f choke within the plate tuning shaft serves 
as an r-f filter. The r-f chokes on the end of the tailpiece 
serve to filter the cathode and filament supply voltages. 

(j) One end of the cavity is formed by the plunger, 
which consists of an outer and inner ring of contacting 
fingers. The outer ring of fingers contacts the inner wall 
of the cavity. The inner ring of fingers contacts the plate 
tuning shaft. The other end of the cavity is formed by the 
ring holding the cathode fingers. 

(&) A cone of mica which serves as a bypass capacitor 
also serves to insulate the plate cap fingers from the plate 
tuning shaft. 

(4) The power monitoring system (fig. 284) consists of 
thermistor R51 connected in one arm of a Wheatstone 
bridge, and a meter and a source of voltage to balance the 
bridge. The thermistor is mounted directly in the r-f line 
between the cavity and the attenuator, so as to absorb a 
constant fraction of the power generated in the cavity. 
The resistance in the thermistor arm of the bridge varies 
with the r-f power absorbed by the thermistor. The resis- 
tance decreases as the thermistor temperature increases. 
The corresponding unbalance of the bridge is indicated 
by the meter, the readings being directly proportional to 
the r-f power absorbed by the thermistor. The normal 
resistance of thermistor R51 is above 200 ohms. The other 
three resistors of the bridge are each 200 ohms; therefore, - 
the bridge is unbalanced. To balance the bridge, an alter- 
nating current is applied to the bridge circuit through 
capacitor C15. The alternating current flowing through 
resistor R29 and the thermistor causes the resistance of 
the thermistor to decrease to 200 ohms, thereby balanc- 
ing the bridge. The a-c voltage is controlled by zero 
adjuster R31 which is mounted on the front panel of the 
test set. The bridge thermistor is also subject to resistance 
changes due to variation in ambient temperature and in 
the voltage applied to the bridge. Resistors R32 and R52 _ 
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Figure 282. Test Set TS-224/UP, functional block diagram. 


tend to hold the bridge balanced by compensating for the 
temperature changes. The action of tube V7 is to hold 
the voltage at a given value. 


c. Placing Test Set in Operation. (1) MONI- 
TORING. 

(a) Turn POWER ON-OFF switch and OSC. ON- 
OFF switch to OFF position. 

(6) Connect power line cord to a 115-volt a-c outlet. 

(c) Adjust the following controls to their midposition: 
PHASING, SYNC. FREQ., PULSE WIDTH, TUNING, 
and ADJ. OUTPUT. 

(d) Set selector switch (lower left-hand corner of 
front panel) to MON. position. 

(e) Turn POWER switch to ON position. The lamp 
adjacent to the POWER switch should now light. 

(f) Turn ADJ. ZERO control until the monitoring 
meter reads zero. 

(g) Turn OSC. switch to ON. 

(4) The power monitoring meter should now indicate 
that r-f power is being generated. The meter deflection 
may be varied by the ADJ. OUTPUT control, and should 
be set for a meter reading of 200. 


(2) INTERNAL SYNCHRONIZATION. 

(a) Place the test set in operation as described in sub- 
paragraph c (1) above. | 

(6) Set selector switch to INT. 

(c) Adjust SYNC. FREQ. control to vary repetition 
rate of r-f pulses as required by equipment under test. 

(d) Adjust PULSE WIDTH control to vary r-f pulse 
width as required by equipment under test. 

(e) Adjust TUNING control to set wavelength of r-f 
output to that of the equipment under test. 


(f) Adjust ATTENUATOR control to provide desired 
r-f output. 

(g) Adjust PHASING control to vary phase of r-f 
pulse with respect to trigger from SYNC. OUT jack as 
required by equipment under test. 


(3) EXTERNAL SYNCHRONIZATION, 

(a) Place test set in operation as described in sub- 
paragraph c (1) above. 

(6) Connect one end of the video cable to SYNC. IN; 
the other end of the cable to either positive or negative 
trigger jacks on the synchronizer. 

(c) Set MON/INT/EXT switch to EXT. 

(d) The other controls will operate the same as for 
internal synchronization. 


(4) ADJUSTING TEST SET TO S-BAND FREQUENCY. 
(a) Connect power line cord to a 115-volt a-c outlet. 
(6) Turn OSC. ON-OFF switch to OFF. 

(c) Turn POWER switch ON. 

(d) Turn ADJ. ZERO control unti] monitoring meter 
reads zero. 

(e) Connect the r-f cable between ANT. jack on the 
test set and the pick-up dipole assembly. The dipole 
should be mounted a minimum distance of 4 feet from 
the search antenna, and oriented so that it is parallel 
with the dipoles of the antenna. 


CAUTION: Never connect the test set directly 
into the r-f line of the radar system. 


(f) Adjust ATTENUATOR to give a meter reading of 
approximately 160. 
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Figure 283. Test Set TS-224/UP, exploded view of cavity. 


(g) Slowly turn TUNING dial until the meter deflec- (d) Turn ADJ. ZERO control. until monitoring meter 
tion is at a minimum. This adjustment sets the cavity reads zero. 
tuning to the same frequency as‘the radar S-band trans- (e) Connect r-f cable as in subparagraph (4) (e) 
mitter. above. 
(5) MONITORING EXTERNAL POWER. (f) Detune cavity by turning TUNING dial to 0 or 100, 
(a) Connect power line cord to a 115-volt a-c outlet. whichever is furthest removed from the frequency of the 
(b) Turn OSC. ON-OFF switch to OFF. transmitter. 


(c) Turn POWER switch ON. | (g) Set red reference mark on ATTENUATOR dial to 
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| Figure 284. Text Set TS-224/UP, schematic diagram. 
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3% 

2W 
1oW 5% 
IW 10% 
mw 10% 
IW 10% 
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2W 10°%, 
2W 10°; 
20W 10% 
IW 10% 
2W 10% 
20 10°; 
Ww 10'% 


Bead thermistor 


Bead thern 


listor 








001 mf Mica 10 
1 mf 600 v 10 
mf Mica 10 
0015 mf Mica 10 . 
1 mf 600 v 10 
00005 mf Mica 10 
5 mf 600 v 10 
0001 mf Mica l Ps 
1 mf 600 v 10 
25 mf 600 v 10 | 
25 mf 600 v 1 (1) 
1 mf 600 v 10% 
> mf 600 v 10% 
600 v 10 
20. mf 20 v Blectrolyti 
002 mf Mica % 
0025 mf Mica 10% 
.001 mf Mica 10% z 
10. mf 450 wv ytic 
10. mf 450 wv Electrolytic 
10. mf 450 wv Electrolytic 
Filter Choke 1OHY 75MA 
Sync. in jack coaxial 


Power Transformer 
Onc. Transformer 3 winding 


ynec. mv jack coaxial 
Sync. out jack coaxial 
Ant. jack coaxial 
Switch DPST 
” SPST 
- SPST 
" 3 Pole 
3 Position 
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panel index. The monitoring. meter now gives a direct 
reading in milliwatts of the average r-f power at ANT. 
jack. 


(6) TEST SENSITIVITY OF RADAR RECEIVER. 

(a) Place test set in operation as described in subpara- 
graph c (1) above. 

(6) Turn the MON/INT/EXT switch to the EXT. 
position. 

(c) Connect the video cable between the SYNC. IN 
_ jack on the test set and a source of either positive or 
negative trigger voltage. 

(d) Set SYNC. POLARITY switch to a position cor- 
responding to polarity of the trigger voltage. 

(e) Set the following switches to their midscale posi- 
tion: PHASING, PULSE WIDTH, and ATTENUATOR. 

(f) Turn TUNING dial slowly until the test set signal 
appears on search indicator PPI tube. 

(g) Turn ATTENUATOR dial clockwise until the test 
. set signal is barely visible on the PPI tube. The accuracy 


of this setting can be improved by moving the test set 


pulse along the distance axis by means of the PHASING 
control. 

(kh) The reading of the ATTENUATOR dial at the 
disappearing point of the test set signal is an indication 
of the receiver sensitivity. The greater the reading the 
more sensitive the receiver. 


d. Trouble Shooting the Test Set. (1) CHECK- 
ING THE PULSING CIRCUIT. 

(a) Loosen the five captive screws that hold the chassis 
in the cabinet; remove the chassis and place in a position 
convenient for maintenance. 

(6) Place the test set in operation as described in sub- 
paragraph c (1) above. 

(c) Set the MON/INT/EXT switch to the MON. posi- 
tion. i 

(d) The circuit may be checked by connecting a syn- 
chroscope which is synchronized from the trigger at the 
SYNC. OUT jack. A square pulse of fixed width and 
recurrence rate should be observed. Next check the wave- 
form at the plate of tube V4 (fig. 285) ; the pulse ampli- 
tude should be about 50 volts. The pulse should start at 
the beginning of the sweep on the synchroscope. If the 
pulse is distorted or no pulse appears, observe the wave- 
form at pin 4 of tube V4, pin 4 of the tube V1, and at pin 
2 of tube V2. Positive square pulses of approximately 
70 volts should be seen at all these points. If no pulse 
appears at pin 2 of V2, the grid pin 1 of V2 should be 
checked. At this point a negative trigger from V6(b) 
should be seen. If this trigger does not appear, the block- 
ing oscillator V6(a) is not functioning. In general, if the 
correct waveform is seen at the input.of any stage, but an 
improper one at the output of the same stage, test the 
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tube. If this does not clear the trouble make a voltage 
and resistance check (figs. 286-289) . 

(e) Set the MON/INT/EXT switch to the INT. posi- 
tion. In this type of operation, a positive trigger should 
be available at the SYNC. OUT jack. The recurrence rate 
can be varied by means of the SYNC. FREQ. control. 
When a synchroscope is synchronized from the jack, syn- 
chronization is indicated by varying brightness of the 
sweep trace as the SYNC. FREQ. control is varied. 

(f) With the OSC. switch in the ON position, a short 
pulse, whose width is variable by the PULSE WIDTH 
control, should be observed at the cathode and on the 
plate of tube V5. If the pulse is distorted but its phase 
can be varied by the PHASING control, the search for 
trouble should proceed back through the circuit only as 
far as pin 1 of V3. If the pulse delay is made shorter than 
5 microseconds, or longer than 200 microseconds, the 
pulses may occur erratically, or two pulses may appear 
together occasionally. This is normal. If no pulse ap- 
pears at pin 1 of V3 or if the phasing cannot be controlled, 
the waveforms at plate pins 2 and 5, and grid pin 1 of 
tube V2 should be checked and compared with those in 
figure 283. The trailing edges of the gates found at pins 
2 and 5 of V2 should be movable by means of the 
PHASING control. If these waveforms do not appear or 
if they are somewhat distorted, a plate voltage and a tube 
check should be made on the abnormal stage. 

(g) Set the MON/INT/EXT switch to the EXT. posi- 
tion. 

(hk) The SYNC. POLARITY switch is set to correspond 
to the polarity of the external trigger fed into the SYNC. 
IN jack. The operation of the circuit is similar to that of 
the internal position except that tube V1(a) is used to 
invert positive external triggers, and that tube V6(a) 
does not put out pulses. Therefore, testing may be per- 
formed in a manner similar to that used for internal 
triggering. 

(2) CHECKING THE THERMISTOR BRIDGE. 

(a) Set the MON/INT/EXT switch to INT. and con- 
nect the test set as described in subparagraph c (1) above. 

(6) It should be possible to zero set the monitoring 
meter by means of the ADJ. ZERO control. If this cannot 
be done, new regulator lamps R35 and R36 should be 
installed. If with this change it is still impossible to set 
the monitoring meter to zero, the voltage between ground 
and the junction of resistors R28 and R29 should be 
checked. This voltage should be about 2.5 volts. The 
variable resistor, R48, on the chassis, should be adjusted 
until it is possible to zero set the meter. If it is not pos- 
sible to do this, the voltage at the plate of tube V7 should 
be checked (maximum voltage should not be over 120 
volts), and a continuity check should be made on the 
thermistor bridge circuit. 
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CAUTION: Do not apply more than a few volts 
across the thermistor. 


(3) CHECKING THE CAVITY OSCILLATOR. 

(a) Should the electrical operation of the cavity and 
its associated parts become unsatisfactory, the simple 
causes of failure should first be checked, such as, the 
supply voltages and the various connections within the 
cavity. 

(6) If insufficient power output is obtained on the 
monitoring meter it is due generally to a defective tube, 
poor contact to the tube by the plate or cathode fingers, 
or to an open grid resistor. 

(c) Access to the cavity may be had by removing the 
plate tuning shaft assembly. To do this, remove the 
securing screws which hold the yoke on the front end to 
the body of the cavity. This assembly may then be pulled 
out. Do this carefully to avoid distorting the inner ring 
of plunger fingers. The plunger may be removed by 
moving the screwdriver adjustment in a counterclock- 
wise direction. The fingers may then be bent in slightly, 
the surface of the plate tuning shaft cleaned, and the unit 
reassembled. | 
(4) REMOVAL OF CAVITY OSCILLATOR TUBE. 

(a) Disconnect the power cord from the power source. 


(6) Remove the grid leak (fig. 283). 


R-F CABLE 


PICK UP DIPOLE 








STORAGE SPACE GAP 
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(c) Turn the TUNING dial to read 100. This moves 
the plate cap fingers to a position close to the end of the 
plate cap of the tube and minimizes the possibility of 
breaking the tube when it is removed. 

(d) Remove the six securing screws in the tailpiece. 

(e) Remove the tailpiece by rotating slightly and pull- 
ing back. 

(f) Remove the tube from its socket. 

(g) Remove the grid cylinder and grid cylinder sleeve. 


(5) TO INSTALL NEW TUBE IN CAVITY. 

(a) Insert tube in socket in tailpiece. 

(6) Install grid cylinder and grid cylinder sleeve on 
grid ring of tube. 

(c) Loosen the tube socket securing nut in rear end of 
the tailpiece sufficiently so that the tube socket is free to 
move slightly. 

(d) Insert the tailpiece in the cavity, using care to 
insure that the plate cap is entering the plate cap fingers 
without undue strain. 

(e) Replace the six securing screws and tighten them 
progressively to insure that the tailpiece is seating prop- 
erly. This must be carefully done to prevent distortion 
of the cavity and to insure complete electrical shielding 
of the cavity end. 

(f) Install the grid leak. 
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Figure 290. Power Monitor TS-125/AP. 
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(g) The TUNING dial and the vernier drive must now 
be removed to permit the adjustment of the operating 
position of the plate tuning shaft, unless the new tube is 
exactly the same height as the old tube. 

(h) Loosen the lockscrew. 

(t) Turn the tuning shaft clockwise until the plate cap 
fingers stop against the plate cap disk of the tube. Be 
sure that the tube socket securing nut (in rear of the tail- 
piece) is sufficiently loose to permit the tube to adjust 
itself, then tighten the nut. If this latter adjustment is 
properly made, the plate cap fingers should run smoothly 
over the plate cap of the tube and no binding will occur. 
Under these conditions it will be possible to rotate the 
tuning shaft with the fingers before the dial is mounted. 

(j) With the tuning shaft at the full clockwise posi- 
tion, set the dial STOP so that the tuning shaft cannot be 
moved clockwise beyond this point, and tighten the lock- 
screw. 

(k) Replace the TUNING dial and vernier drive, set- 
ting the tuning dial to read 0 and tightening its setscrews. 
Test the tuning control for binding. If necessary, loosen 
and readjust the tube socket and tighten its securing nut. 


138. POWER MONITOR TS-125/AP. 

a. General. Power Monitor TS-125/AP is a compact. 
battery operated wattmeter for measuring r-f power in 
the S-band svstem. The wattmeter consists of a cast 
aluminum box (fig. 290) in which are 10 and 20 decible 
(db) attenuators. a thermistor mount. temperature com- 
pensating thermistor disks. a bridge with a meter and a 
balancing potentiometer, three standard flashlight bat- 
teries: a pick-up dipole antenna: and an r-f cable. The 
meter reading is directly proportional to the amount. of 
r-f power fed into the power monitor. Average power is 
indicated. The meter is calibrated to read full scale when 
2 milliwatts of r-f power is applied. The meter also has a 
dbm scale. with 0 dbm being 1 milliwatt. hence the name 
dbm scale tdecibles above or below 1 milliwatt). 
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Figure 291." Power Monitor TS-125/AP, simplified 
schematic diagram. 


b. Theory of Operation. (1) The wattmeter oper- 
ates on the bead-thermistor bridge principle. A thermis- 
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tor is a circuit element having a negative resistance co- 
efficient; that is, an increase in thermistor temperature 
causes a decrease in its resistance, and vice versa. Varia- 
tions in thermistor temperature, and consequently the 
resistance, may be caused by thermal changes in the 
thermistor environment, by direct current flowing through 
the thermistor, or by absorbed r-f power. All these 
changes occur in the power monitor. 


(2) Resistors Rl, R2, R3, and thermistor TM1, form the 
arms of a bridge circuit (fig. 291). The normal or “cold” 
resistance of the thermistor is above 250 ohms; therefore, 
the bridge is unbalanced. When switch SW1 is closed, a 
current flows from the battery through variable resistor 
R10 to point A where it divides, part of the current flow- 
ing through R2 and R3, then back to the battery. The 
other portion of current flows through Rl and TM], then 


back to the battery. Point C is now positive with respect: 


to point D so the meter will read backwards. The current 
flowing through TM1 causes TM] to heat, thereby reduc- 
ing its value of resistance. When the resistance of TMI 
decreases to 250 ohms. the meter will read zero because 
points C and D are at the same potential. Current through 
the bridge is adjusted by resistor R10 to a value which 
heats TM1 just enough to cause its resistance to rest at 
250 ohms. When this condition exists. the bridge is 
balanced. 


(3) The thermistor is mounted in a section of r-f coaxial 
line inside the instrument. When r-f power is fed into the 
coaxial section. a small amount of power is absorbed by 
TMI. This absorbed power causes the resistance of TM] 
to further decrease. which unbalances the bridge. This 
unbalance is in the opposite direction as that when TM1 
is “cold.” Point C now becomes negative with respect to 
point D. therefore the meter will read directly the amount 
of bridge unbalance. The resulting unbalance current 
flowing through the meter is closely proportional to the 
r-f power causing the unbalance. 


(-b) The thermistor is also subject to resistance changes 
due to variations in ambient temperature and in the volt- 
age applied to the bridge. Temperature compensating 
elements TM2 and TM3 are mounted near TM1 but on the 
outside of the r-f coaxial line. If the temperature at TM] 
should change after the bridge has been balanced, the 
resistance of TM3 will also vary inversely proportional 
to the temperature change. TM3 is connected across resis- 
tor R& and with R7@ constitutes a variable shunt across 
bridge points A and B. The change in load, due to varia- 
tion in resistance. across points A and B cause a propor- 
tional change in current;through TM1. This action tends 
to hold the bridge balanced for small temperature changes 
in the environment of TML. Resistors R5 and R6 are used 
to calibrate the meter, and should not be changed unless 
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a new meter is installed. Disk thermistor TM2, which is 
in parallel with R4 and connected in series with the meter, 
tends to reduce fluctuations in the meter Pn eading also 
caused by temperature changes. 

c. Installation. (1) R-f coupling between the watt- 
meter and the radar system must be done through high 
attenuation, preferably with spacé attenuation such as 
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TL39090 
Figure 292. Space-coupling power monitor to 
radar antenna. 


shown in figure 292. or through a wave selector as shown 
in detail B, figure 35. 

(2) If the coupling system shown in figure 292 is to be 
used, a wooden strip and mounting bracket to support the 
pick-up dipole, should be installed. The distance and 
position of the pick-up dipole should be found by trial. 
If an unknown amount of power is to be measured, turn 
on the wattmeter, balance it, and then approach the radar 
antenna with the dipole, while watching the meter. No 
“lossy” or conducting material should be between the 
dipole and the radar antenna. The pick-up dipole should 
be mounted with the word FRONT facing the radar an; 


tenna and perpendicular to the plane of polarization. 


CAUTION: Never connect the input cable 
directly to the r-f plumbing. 


(3) A wave selector couples out about 1 percent of the 
power in the waveguide. A probe is mounted inside the 
wave selector and brought out through a coaxial socket. 
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This is the best method of coupling as the degree of 
coupling is constant. 


d. Operation. (1) PLACING POWER MONITOR 
IN OPERATION. 

(a) Turn the switch ON by turning the balancing 
control clockwise. 

(6) Advance the balancing control slowly until the 
meter needle moves up scale. 

(c) Balance the meter to zero. 

(qd) Connect one end of r-f Cable CG-92/U to either 
the pick-up dipole or to the S-band wave selector, depend. 
ing on the test to be made. 

(e) If the power level is not known, first insert the 
20-db pad between the free end of the cable and the power 
monitor. If no reading is obtained with the radar set 
operating, remove the 20-db pad and insert the 10-db 
pad. If the power is very low, the instrument may be 
connected directly. 


CAUTION: Never connect both attenuator pads 
together because two watts would be dissipated 
in the first pad for full-scale meter deflection. 
To do so will damage the pad. 


(2) MEASURING POWER OUTPUT. 

(a) Balance the wattmeter. 

(6) Using the proper pad, connect the power moni- 
tor to the system. | 

(c) To the dbm reading may be added the db attenua- 
tion of the pad to determine power above 1 milliwatt into 
the pick-up dipole. If the space attenuation is known, 
this may be added to get average system power in db 
above 1 milliwatt. 


(3) MEASURING ANTENNA PATTERN. 

(a) Balance the wattmeter. 

(6) Mount the pick-up dipole on a pole so that it 
will be on a level with that of the center of the search 
antenna, and at least 15 feet from the antenna. 

(c) Rotate the antenna in steps of a few degrees at 
a time, recording the meter reading at each step. The 
meter readings can then be plotted against’the angle in 
degrees, from the axis. This shows the variations hetween | 
the power of radiation and the direction. 

(4) MEASURING LOCAL OSCILLATOR OUTPUT. 

(a) Balance the wattmeter. 

(b) Connect the wattmeter to the S-band local oscil- 
lator, plug PL4, through the 10-db pad: if the meter 
reading is below -7 dbm, remove the pad. 


NOTE: The best method to determine the 
normal power output of the local oscillator is 
to make the above measurement when the set is 
known to be operating properly. 
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(c) If the radar crystal current is abnormally low 
and yet has normal local oscillator coupling and output, 
it is an almost certain indication of a poor crystal detector. 

e. Trouble Shooting. (1) If the meter will pot 
balance, or slowly drifts off balance, new batteries should 


be installed. 


CAUTION: Never make any resistance mea- 
surements within the wattmeter without first dis- 
connecting the bridge meter. 


(2) The power monitor is mounted in a watertight case, 
therefore, the back should not be removed unless ab- 
solutely necessary. If a resistor is to be replaced, the 
new part should have the same resistance value and the 
wattage rating should be at least as high as the part being 
replaced. 

(3) The bridge meter or thermistors should not be re- 
placed in the field as this operation requires a readjust- 
ment of resistor R6 (fig. 293). 


139. POWER MONITOR TS-36/AP. 
a. General. (1) Power Monitor TS-36/AP is a por- 
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table test set designed to measure average power levels 
in the X-band frequency range. The power limits are 
between 0.1 and 1,000 milliwatts (-10 to +30 dbm). 
The power measured may be either continuous as from 
a signal generator or pulsed as from a radar transmitter. 
(2) The power monitor is contained in a rectangular 
wooden case. A removable cover protects the panel equip- 
ment when not in use (fig. 294). All controls and meters 
are mounted on the front panel. The r-f connection is 
on the right-side of the case and is protected by a re- 
movable cover. 

(3) The d-c power required to operate the instrument 
is usually obtained from four dry batteries, Signal Corps 
type BA-30, which are mounted internally. At low tem- 
peratures, an external source of 25 to 30 volts may be 
required. Connection to an external battery is made 
through a jack on the front panel, labeled EXT BAT. 


b. Accessory Equipment. The following equipment 
is furnished with the power monitor: 
(1) A 5-foot coaxial-to-wayeguide patch cable. One end 
is equipped with a type N coaxial jack; the other end, 
with a flange coupling. 
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Figure 293. Power Monitor TS-125/AP, schematic diagram. 
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(2) A 5-foot coaxial-to-waveguide patch cable. One end 
is equipped with a type N coaxial plug; the other end 
with a choke coupling. 


NOTE: The two above-mentioned cables may 
be connected to form a waveguide-to-waveguide 
cable, 10 feet long. 


(3) A horn-type test antenna with a waveguide connec- 
tion. 

c. Theory of Operation. (1) The power monitor 
consists of a power measuring head, an r-f attenuator, 
and a d-c bridge circuit. 
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Figure 295. Power measuring head. 


(2) The power measuring head (fig. 295) is a short sec- 
tion of waveguide in which a thermistor is mounted. 
The thermistor consists of ‘a small semiconducting bead 
enclosed in a low-loss glass bulb and is terminated in two 
wires extending from the ends of the bulb. These wires 
are in turn fastened into ‘two silver rods. One of these 


rods is threaded and screws into the fixed stub. The other - 


silver rod forms the central conductor of the coaxial 
tuning stub and extends into the plunger with a friction 
fit which permits movement of the stub during the tun- 
ing process. The‘ thermistor assembly forms a short 
coaxial line running through the waveguide, with the 


thermistor patallel to the short dimension of the wave- 


suide. The end of the waveguide terminates in an ad- 
justable reflector plate. This plate, together with the ad- 
justable stub, is used to compensate for the reactance of 


344 


Service Manual 


TM 11-1543 


the thermistor assembly and helps to match it to the 
waveguide. The lower fixed coaxial stub is insulated 
from the waveguide to provide a way for applying d-c 
power to the thermistor. The capacity coupling afforded 
by the insulator provides a low impedance path for r-f 
currents. Refer to paragraph 138 b for thermistor opera- 
tion. The power measuring head is designed to measure 
the power level at the head. | 


(3) The purpose of the attenuator is to reduce the r-f 
power to 1] milliwatt at the power measuring head. The 
attenuator consists of two movable vanes in a section of 
waveguide and a control to adjust the vanes. The princi- 
ple of operation is that the electric lines of force are 
greatest in the center of the waveguide. The attenuator 
mechanism serves to move energy abeorbing elements 
from each side toward the center of the waveguide. The 
energy absorbing elements are carbon-coated bakelite 
vanes. As the vanes simultaneously approach the center 
of the guide, the power abeorption, and hence the loss, 
increases to a maximum of 30 db, which is the highest 


‘calibrated point on the dial. The ends of the vanes are 


tapered to keep the standing wave ratio low. This mini- 
mizes reflection loeses and affords a good impedance 
condition looking either way through the attenuator. 
The control is connected to the vanes through a rack and 
pinion movement having an anti-backlash construction so 
that the vane motion is reproducible and can be calibrated 
in terms of decible loss. The dial scale, ADD DB, is 
hand calibrated in steps of 2 db for the attenuator associ- 
ated with it. ADD DB means that the indicated number 
of db should be added to the power applied to the mea- 
suring head in order to arrive at the power level present 
at the input of the instrument. The input end of the 
attenuator has a flange which is one element of a choke 
coupling. This type of coupling is readily separable yet 
prevents leakage in or out of the waveguide and intro- 
duces no loss to the desired transmission. The principle 
of the coupling is that of a real short circuit being re- 
flected to the junction of the two guides by a half-wave- 
length cavity. The physical contact between the two 
coupling elements is at a point of high impedance in the 
half-wave cavity and therefore need not be perfect. 


(4) The purpose of. the d-c circuit (fig. 296) is to drive 
the thermistor resistance to its operating value, which 
for this bridge is 125 ohms. With no d-c power, the 
resistance is high. As power is applied and increased, 
the resistance of thermistor T10]1 decreases proportion- 
ately. In order to drive the thermistor to its operating 
value and to give an accurate indication of this value, 


-T101 has been placed in one arm of a Wheatstone bridge 


circuit. The other arms consist of precision ohmic resis- 
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Figure 296. Power Monitor TS-36/AP, schematic diagram. 
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tors R138, R139, and R140. Meter M101 is a microam- 
meter connected across the arms of the bridge. When 
the proper amount of power has been applied to the 
bridge, and hence to. T101 to balance the bridge, the 
resistance of T101 is decreased to 125 ohms. The bridge 
circuit is set up when selector switch SW102 is in the 
CHECK and MEAS positions. In the CHECK position, 
R146 limits the current through M101 until an approxi- 
mate balance is obtained. R146 is cut-out when SW102 
is in the MEAS position where an accurate balance can 
be obtained. The bridge arm ratios are such that exactly 
one-half of the total power applied to the bridge goes 
into T101. Thus, a change of 1 milliwatt (mw) into 
T101 requires a 2 mw change into the bridge as a whole. 
This affords more economical use of battery power than 
would be the case if all arms were equal. Another pur- 
pose of the d-c circuit is to provide a means of varying 
the power applied to the bridge circuit in definite steps. 
The steps chosen are 1 mw each for the majority of operat- 
ing conditions. When an external battery is used, each 
step is 2 mw. When an internal battery is used, each step 
is Y, mw. The thermistor used in this instrument re- 
quires 6 to 23 mw to drive it to its operating resistance. 
This would require that 12 to 16 mw is delivered to the 
bridge. This requirement is fulfilled by a variable loss 
network. | 


(5) The variable loss network (fig. 296) is composed of 
all resistors which are under the control of the MEAS 
dial. The MEAS switch applies 18 to 36 mw to the 
bridge in 2 mw steps. These powers are obtained with 
the MEAS ADJ 0 control turned to the extreme clockwise 
position; that is, all resistance is in series with rheostat 
C. The MEAS ADJ 0 control provides a continuous ad- 
Justment of power between steps and serves to extend 
‘the lower power limit to 16 mw. This gives a total range 
of 8 to 18 mw at the thermistor. In order that the steps 
of the MEAS switch will always be of the required con- 
stant value, the voltage applied to the bridge must be a 
definite value, called the standard value. The standard 
voltage value is set up with SW102 on BAT. The meter 
indicates the voltage applied to the B rheostat contacts. 
In this position. with SW1OU on BAT. the normal net- 
work load is on the battery. then dropping resistor RII5 
1s adjusted until the correct meter reading ix established. 
A reading of 100 microamperes on the meter represents 
4.19 volts when using an internal battery and 5.92 volts 
with an external battery. In order to maintain a constant 
voltage during measurement, the load on the battery must 
he the same for all settings of the MEAS switch except 
the extreme clockwise position. Rheostats A, B, C, and D 
accomplish this. The current from the battery is fed 
through rheostat B to the slider of R141. From this point. 
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half the current flows through the bridge circuit and half 
through a branch containing rheostat C and resistor R121. 
This later branch balances the network so that the load 
on the battery and rheostat B is constant and so that a 
1-mw change can be effected in thermistor power regard- 
less of the setting of R141. Rheostats C and D serve to 
pad out R141 as the power output increases so that its 
control range remains constant at 1 mw. Rheostat A 
compensates for changes in the useful load so that the 


total battery load remains constant for all positions of 
the MEAS switch. 


d. Internal Battery Installation. To install - the 
internal battery, do the following: 


(1) Remove the two screws on the bottom of meter case 
and the cap from the waveguide connection. 


(2) Lift chassis from case. 


(3) Loosen the knurled screw on top of battery box and 
remove cover. 


(1) Place batteries inthe four holes of the battery block 
in accordance with markings on the box. 


(9) Replace cover and tighten knurled screw. 

(6) Set switch SW103 to INT position, 

(Tr Carefully replace chassis in case and tighten screws. 
e. External Battery Connection. (1\1 Remove 

chassis from case and set SW103 to EXT. 

(2) Replace chassis in case. 

(39 Using the battery cable. connect: it from the EXT 

BAT jack to terminals 5 and 8 on terminal board AB2-37 

in communications rack A. Terminal 5 is negative and 

grounded. terminal & is positive. 


NOTE: Other sources of external battery may 
be used, provided the voltage ix between 25 and 
30> volts and the source is ungrounded or 
rounded on the negative side. 


f. R-f Connections. (11 USING TEST HORN 
ANTENNA. The test horn antenna may he coupled 
directly to the input of the power monitor. In order to 
couple the horn to the radar antenna it is necessary to 
place the entire instrument in front of and on the same 
level as the radar antenna. The large end of the horn 
must point directly toward the radar antenna. If the 
waves are horizontally polarized, such as the waves from 
the azimuth antenna, place the short dimension of the 
large end of the horn horizontal. The radiation from the 
elevation antenna is vertical, therefore the short dimen- 
sion should be vertical. The above method is to be used 
only when a quick check of transmitter power is desired. 
For more lengthy tests, mount the horn on some con- 
venient support in the field of the radar antenna. If no 
support is available, set a pole in the ground. The pole 
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should be high enough to permit placing the horn in the 
field of the radar antenna. The clamping of the horn 
to the support should provide adjustment for the horn 
to receive maximum power. The location of the horn with 
respect to the radar antenna must be found by trial. 
Connection between horn and power monitor is made with 
the r-f cables. The cable having the plain flanged end 
must be connected to the horn, the other cable having the 
choke coupling must be connected to the power monitor. 
The free ends of the cables are then connected together by 
means of type N connectors. 

(2) USING WAVE SELECTOR. The X-band trans- 
mission line is equipped with a wave selector (fig. 105). 
The wave selector is equipped with a probe and type N 
socket. Use the coaxial-to-waveguide cable to connect 
the power monitor to the wave selector. 


g- Bridge Balancing Procedure. (1) In locations 
where the average temperature is aLove 32° F, use the 
internal battery and the following procedure: 


CAUTION: Do not connect r-f power to the 
power monitor until the following steps have 


been completed. 


(a) Turn the selector switch to BAT. 


(6) Turn the BAT ADJ 100 control until meter in- 
dicates 100 microamperes. The panel should be in a 
horizontal plane. 


(c) Turn selector knob to CHECK. 


(d) Adjust MEAS knob to a position which causes 
the meter to read as near zero as possible. 


NOTE: Make the following adjustments with 
the panel in the same plane in which it will be 
used to make r-f measurements. 


(e) Turn selector knob to MEAS. 


(f) Adjust MEAS ADJ O control until meter reads 
zero. If the meter cannot be made to read exactly zero, 
shift MEAS knob one position forward or backward: until 
the MEAS ADJ O control sets the meter to zero. 

(g) Turn MEAS knob one position clockwise. The 
meter needle will swing up scale to approximately 100 
microamperes. 


(h) Adjust the MEAS ADJ 100 control until meter 


indicates exactly 100 microamperes. 

(i) Turn the MEAS control one position counter- 
clockwise. The meter needle will return to zero. 

(j) The bridge is now balanced. Power measurement 
should be made immediately after the bridge has been 
balanced. 
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(2) If the temperature is below 32°F, use an external 
battery and set switch SW103 to EXT. Balance the 
bridge as follows: 


(a) Complete steps as described in subparagraph g 
and subparagraphs (a) through (f) above. 


(6) Turn MEAS knob one position clockwise. The 
meter needle will swing up scale to approximately 200 
microamperes. , 


(c) Adjust the MEAS ADJ 100 control until the meter 


indicates exactly 200 microamperes. 


(d) Complete operations as described in subpara- 
graphs (i) and (j) above. 


h. Measurement of Average R-f Power. Power 
measurements may be made by a direct reading method 
or by a balanced bridge method. The direct reading 
method alone can be used to measure average power less 
than 1 milliwatt; it is advisable to make the first reading 
of an ynknown power by this method. The balanced 
bridge method is more accurate, but cannot be used for 
average powers less than 1 milliwatt. 


(1) DIRECT READING METHOD. 
(a) Complete the procedure for balancing the bridge 


as described in subparagraph g* above, and leave the 


MEAS knob set to give a zero reading on the meter. 


(6) Turn ADD DB control to extreme counterclockwise 
position. 


CAUTION: Avoid the application of average 
r-f power which has a level higher than 1 watt 
(+30 dbm) to the power monitor. 


(c) Connect the source of r-f power to the meter as 
described in subparagraph f above. The wave selector is 
the best method. If the test horn antenna is used, be sure 
it is facing the radar antenna squarely. 


(d) Turn on the radar system. 


(e) Adjust the ADD DB dial so that the meter reads 
100. microamperes. 


({) The loss as indicated by the teading on the ADD 


‘DB dial indicates the average power level at the input to 


the power meter. The reading is-in terms of -+-dbm (db 
above 1 milliwatt). 


’ (g) If the unknown power is less than 1 milliwatt, a 
meter reading of less than 100 microamperes will result 
even with the attenuator set at zero. In this case, the 
meter indicates directly the fraction of a milliwatt cor- 
responding to the power level present. For example: a 
reading of 65 microamperes indicates the presence of 
0.65 milliwatts r-f power at the input of the power monitor. 
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(2) BALANCED BRIDGE METHOD. In order to mini- 


mize measurement errors, the bridge circuit should be 
used on the basis of balancing it with the r-f power as 
well as with it off. Power less than 1 milliwatt cannot be 


measured by this method. 


(a) Complete the procedure for balancing the bridge 
as described in subparagraph g above and leave MEAS 
knob set to give a meter reading of zero. 


(6) Turn MEAS knob one position counterclockwise. 


(c) Connect the power monitor to the source of r-f 
power as described above. 

(d) Turn on the radar system. 

(e) Adjust the ADD DB control so that a zero reading 
is obtained on the meter. This indicates that 1 milliwatt 
of r-f power is now being applied to the thermistor as a 
substitute for 1 milliwatt of d-c power removed from it 
in step (b) immediately above. The setting of ADD DB 
dial indicates the level of power in +-dbm at the input 
connection. 


i. Trouble Shooting the Power Monitor. (1) 
TEST EQUIPMENT REQUIRED. 

(a) Analyzer, Weston Model .772. 

(6) Precision resistor, 125 ohms (+0.25%). 
(2) ATTENUATOR. The attenuator on each power 
monitor has been hand calibrated. Do not remove the 
knob unless it has been damaged. If there is mechanical 
damage to any part of the attenuator or a change in its 
calibration, the whole attenuator should be replaced with 


another factory calibrated unit. To replace the attenuator 
proceed as follows: 


(a) Remove the two screws on the bottom of meter 
case and the cap from the waveguide connection. 

(b) Lift the chassis from the case. 

(c) Remove: the screws holding the attenuator to the 
panel. 

(d) In separating the attenuator from the power head, 
first remove two screws whose heads are toward the 
attenuator. 

(e) Stand the assembly on the cover plate so that the 
junction of the attenuator and power head is horizontal. 
This permits careful handling of the copper gasket in the 
junction. | 

(f) Remove the last two screws. 

(g) Detach the attenuator, being careful not to damage 
the gasket. . 

(h) In joining the new attenuator to the power head 
follow the above procedure in reverse order, being careful 
to centrally locate the gasket in the junction. 

(3) POWER HEAD. Install a new power head if a 
thermistor burns out or requires replacement. Removal 


Trouble-shooting Procedures 


o 


Pars. 139-140 


of the thermistor from a power head always requires a 
new impedance match. The thermistor, or its associated 
tuning stub, should never be changed or disturbed unless 
there is conclusive evidence of trouble, then the entire 
head should be replaced. To replace a power head, pro- 
ceed in the same manner as described for the removal of 
the attenuator. 


(4) BRIDGE CIRCUIT. In case of trouble in the bridge 


circuit, make a general inspection of wiring and switches. 


WARNING: Before using an analyzer to mea- 
sure resistance or to detect open or short circuits, 
disconnect wires from the microammeter termi- 
nals, to protect the meter. Do not measure resis- 
tance of the microammeter. 


(a) If resistance develops in the switch contacts, the 
resistance will have the same effect on the circuit as an 
abnormal value in a resistor unit which is wired to that 
switch. Such contacts may be checked by adjusting the 
analyzer as an ohmmeter and connecting it directly across 
the switch contacts. Use the ohmmeter on its lowest range. 
A zero resistance reading should be obtained; if not, the 
switch contacts should be cleaned with fine sandpaper, and 
then burnished with a strip of canvas. 

(6) By turning the MEAS switch to its extreme clock- 
wise position, the selector switch to OFF, and by opening 
the normally closed contacts on the tip of EXT THERM 
jack, all resistors become free of parallel paths and may 
be readily measured. The accuracy of resistor values in 
the power monitor is 0.25 percent. The analyzer has an 
accuracy of 15 percent, therefore it will show only large 
changes in resistance. If the value of a resistor is douht- 
ful, a new one should be installed. 


(c) To make a general test on the bridge network, 
remove all batteries from the power monitor and substi- 
tute a 125-ohm test resistor for the thermistor by con- 
necting the resistor to a phone plug and inserting plug in 
EXT THERM jack. Then turn selector switch to CHECK 
or MEAS position and turn the BAT ADJ 100 control to 
extreme clockwise position. Using the analyzer, measure 
the resistance of the network between positive and nega- 
tive terminals of the battery box. The resistance should . 
be exactly 125 ohms and should be the same for positions 
1 through 10 of the MEAS control. 


(d) If the bridge balance is disturbed by changing 
position or by handling the power monitor, look for poor 
contacts on the springs in the battery box. 


140. VOLTAGE DIVIDER TS-222/MPN.1. 

a. General. (1) Voltage Divider TS-222 consists of 
a capacity voltage divider circuit and a selector switch so 
arranged that voltage attenuations of 10:1 or 100:1 may 
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be obtained. All parts are contained in a metal box (fig. 
297). The only control is a HI-LO switch mounted on 
the side of the box. The terminal on the left side of the 
unit is for a ground connection. Output is taken out 
through a socket below the HI-LO switch. High voltage 
to be measured is connected to the terminal which is 
mounted on top of the voltage divider. 





TL 359014 


GROUND 
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Figure 297. Voltage Divider TS-222, MPN-1. 


(2) Two test cables are furnished with the voltage divider. 
A capacity divider cable is used to connect the capacity 
divider to a test oscilloscope. The high-voltage cable is 
used to connect the high-voltage tei minal of the capacity 
divider to the point being measured. 


b. Operation. Voltages above 150 volts should not 


be applied to the input circuit of a test oscilloscope. By 
connecting the voltage divider between the oscilloscope 
and the high voltage being checked, the high voltage can 
be attenuated to a safe level for application to the oscil- 
loscope. The voltage divider is a capacity network, there- 
fore d-c voltages cannot be measured. To use the voltage 
divider proceed as follows: 


(1) Connect a heavy wire between ground and the ground 
terminal of- the voltage divider. This connection should 
always be made first. 

(2) Connect the test cable between the socket on the volt- 
age divider and the test oscilloscope. 
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CAUTION: Be sure all power is removed and 

all capacitors have been discharged in the com- 

ponent being tested before the following connec- ( 
tion is made. 


(3) Connect the high-voltage test cable between the high- 
voltage terminal on the voltage divider and the point at 
which the test is to be made. 

(4) Set HI-LO switch on voltage divider to HI or LO. 
depending on attenuation desired. 

(5) The oscilloscope and radar system may now be 
turned on and the test made. 


CAUTION: Turn off all power and discharge 
all high-voltage capacitors before removing the 
high-voltage cable or ground connections. 


c. Circuit Description. The circuit of the voltage 
divider (fig. 298) consists of a resistor and capacitor 
network. Cl is a special high-voltage capacitor. With 
switch SW1 in the HI position, capacitors C3 and C4 
form a shunt across the output. This shunt is adjusted 


so that only 1/100th of the voltage across the high- 
voltage terminal and ground is applied to the output plug. 


When switch SW1 is in the LO position, the shunting | 


effect is much lower and allows 1. 10th of the input voltage 
to appear at the output plug. 
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Figure 298. Voltage Divider TS-222/MPN-1, 
schematic diagram. 
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Figure 299, Flux Meter TS-15/AP. 


d. Trouble Shooting the Voltage Divider. If it 
is impossible to obtain the correct output, remove the 
front panel and make an examination of the wiring and 
switch contacts. Do not change the adjustment of capaci- 
tors C2 or C3. If any part of the circuit requires removal. 
its exact value must be used as a replacement. 


141. FLUX METER TS-15/AP. 


a. General. (1) Flux Meter TS-15/AP is a test set 
designed to measure the magnetic flux density of perma- 
nent magnets in the X-band and S-band transmitters. 
The flux meter is contained in a rectangular wooden case 
(fig. 299). A removable cover protects the panel equip- 
ment when not in use. The panel equipment consists of 
a triple-range gauss meter; a three-position range switch 
labeled A, B. and C; a NORMAL and ZERO SET switch; 
a DIRECT-REVERSE switch; and a MEASURE control. 
An ON-OFF switch is a part of the MEASURE control. 
A probe meter is permanently connected to the test set 
through a shielded cable. One end of the wooden case 
forms storage space for the probe meter and cable. The 
gauss meter is calibrated for three ranges; A-range, 1.200 
to 2,300; B-range, 1.700 to 3.200; and C-range. 2.400 to 
4,500 gauss. 

(2) Power to operate the flux meter is furnished by a 
1.5-volt dry cell carried in the case back of the panel. 


b. Battery Installation. To install a battery in the 
flux meter do the following: 


(1) Remove the screw in each corner of the panel. 

(2) Lift the panel a few inches and insert a battery. type 
BA-30. between the two clips. Observe polarity maykings. 
Be careful not to damage any wiring. 

(3) Replace panel and tighten screws. 


c. Adjustment Check. To check meter adjustment 
and battery, proceed as follows: 
(1) Remove probe meter from storage space and place it 
on a flat surface. 
(2) Adjust probe meter pointer by turning the screw 
located beneath the knob on unit until pointer is lined 
up with the black mark. The pointer and its image in 
mirror scale should coincide when pointer is directly 
above black mark. 
(3) Set range switch to A. 
(4) Rotate MEASURE control clockwise from OFF posi- 
tion until the pointer on gauss meter is lined up with 
mark at 12 on scale A. : 
(5) Hold NORMAL-ZERO switch in ZERO SET posi- 
tion. The gauss meter pointer should now line up with 
mark at 23 on scale A. 
(6) If the gauss: meter pointer is not lined up with 23 
on scale A, turn zero adjust screw (fig. 299) to displace 
the pointer an equal amount on the other side of the 
23 mark. | 
(7) Recheck step (4) above. 
(8) Repeat step (5) above if necessary. 
(9) The flux meter is now ready for use. 
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d. Use of Flux Meter. To measure the flux density 
of the magnetron magnet proceed as follows: 
(1) With MEASURE control in the OFF position, place 
probe unit between pole faces of magnet, making sure 
probe is clamped firmly on the magnet. Place the mag- 
net and probe as far from the gauss meter as the cable 
will permit. | : 
(2) Unless approximate value of the magnet is known, 
set range switch to position C. If approximate value 
of the magnet is known, set range switch to desired range. 
(3) With DIRECT-REVERSE switch set to DIRECT, 
turn MEASURE control clockwise from OFF position. 
If the probe pointer moves backward, turn MEASURE 
control to OFF position, and set DIRECT -REVERSE 
switch to REVERSE. 
(4) Advance MEASURE control clockwise until probe 
pointer is lined up with red mark, or the gauss meter 
pointer reaches full scale. If the latter occurs, return 
MEASURE control to OFF position, set the range switch 
to the next lower range, and repeat. 
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(5) When the probe pointer is set to red mark, the gauss 
meter reading on the scale ‘corresponding to range switch 
position gives magnet flux in hundreds of gauss. 

(6) Return MEASURE control knob to OFF. 


e. Circuit Analysis. The circuit of the flux meter 
(fig. 300) is designed to measure the current required 
for full-scale deflection of the probe meter when placed 
in the field of an external magnet. When a current is 
applied to the moving coil in the probe meter, the coil 
tends to rotate so that its magnetic field will line up with 
that of the permanent magnet. -A pointer is attached to 
the coil. The current required for full-scale deflection of 
the pointer is inversely proportional to the flux density 
of the permanent magnet. The gauss meter is a milliam- 
meter which has been calibrated in gauss. Gauss is a 
term used to indicate magnetic lines per square centi- 
meter (1 gauss being 1 line per sq cm). The gauss meter 
is connected in series with the battery, current adjusting 
resistor R4, and the probe meter. Resistor R4 adjusts the 
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Figure 300. Flux Meter TS-15/AP, schematic diagram. 
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current so that the probe meter indicates full-scale de- 
flection. When this condition exists, the gauss meter in- 
dicates the flux density of the magnet in gauss. Switch 
SW4 connects the proper resistor actoss the probe meter 
to correspond with the scale on the gauss meter. Most 
magnets are not marked as to their magnetic polarity, 
therefore the probe meter may read backwards. Instead 
of reversing the position of the probe on the magnet, 
switch SW3 is used to reverse the current flowing through 
_ the probe meter. When switch SW2 is in the NORMAL 
position, resistors R] and R2 are in parallel, and with 
resistor R3, form a calibrating circuit for the gauss 
meter. With the probe meter disconnected from an ex- 
ternal magnet, and the current adjusted by R4 until the 
gauss meter reads 12 on scale A, a zero check may be 
made by setting SW2 to ZERO SET. The gauss meter 
pointer should rest at 23 on scale A. This is because 
resistor R2 now becomes a shunt across the gauss meter 
and reduces the current through the meter to the same 
value required for a magnet having a flux density of 
23 gauss. Switch SW2 is spring operated and remains 
on NORMAL unless held in the ZERO SET position while 
making the zero check. 


f. Trouble Shooting the Flux Meter. (1) Install 
a new battery if the gauss meter pointer does not line up 
with 12 on scale A when the MEASURE control is turned 
to its full clockwise position. If the meter readings are 
unsteady, clean the battery contacts. 


CAUTION: Before using an analyzer for circuit 
testing, disconnect the gauss meter and probe 
meter from the circuit. Do not attempt to mea- 
sure resistance of either meter. 


. RESONANT CAVITY CONTROL 
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(2) If the flux meter fails to operate, make an inspection 
of all wiring and cable connections. The analyzer may 
be used to check for open or short circuits, but it is 
not capable of resistance measurements within the toler- 
ances allowed for all resistors, except R4. If a resistor 
is suspected of having the wrong valve, a new one should 
be tried in its place. All resistors are wire wound; there- 
fore, it is not likely that they will vary in resistance. 
Keep the flux meter in a dry place when not in use. 


142. ECHO BOX TS-217/MPN.-1. 

a. General. Echo Box TS-217/MPN-1 is a resonant 
cavity system designed for use with the S-band trans- 
mitter of Radio Set AN/MPN-1. A frequency control 
knob, an indicating meter, and a range switch are mounted 
on the front of a steel panel (fig. 301). All other parts 
are mounted on the back of the panel (fig. 302). A 


‘coaxial input line approximately 3 feet long is brought 


out through the front lower righthand corner of the panel 
and is terminated in a type N connector. When not in 
use, the coaxial line is arranged to fold back behind the 
panel. The echo box is located in bay 9.of the transmitter 
rack (fig.10). 

b. Circuit Analysis. (1) The echo box is a cylin- 
drical cavity approximately 6 inches in diameter, 514 
inches long, and has both ends covered. Inside the cyl- 


_ inder is a movable partition, which moves axially to vary 


the length of the cavity. When its knob is turn clockwise, 
the partition moves into the cylinder and decreases the 
cavity length. The frequency to which the cavity is reso- 
nant depends on the inside length of the cavity. When 
this length is decreased, the resonant frequency is raised, 
and vice versa. R-f energy is fed into the cavity through 
the coaxial line (fig. 301) and into a coupling loop 
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Figure 301. Echo Box TS-217/MPN-1, front view. 
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Figure 302. Echo Box TS-217/MPN-1, rear view. 


inside the cavity. During the radar pulse. the resonant 
cavity accepts r-f energy. and oscillations build up for 
the duration of the pulse. After the radar pulse. the 
oscillations in the cavity continue but gradually die out 
because some of the energy is dissipated in the cavity. 
some is coupled out to the indicator system. and some 
goes out through the input line. 


(2) The energy coupled out to the indicator system is 
rectified by the crystal. The crystal current is filtered by 
capacitor Cl (fig. 303), and is measured by micro- 
ammeter Ml. The crystal current, as measured by M1. 
indicates the amount of energy absorbed by the cavity. 
With switch SW] in the X1 position, the meter indicates 
the amount of current being rectified by the crystal. The 
rectified current may be higher than 200 microamperes: 
therefore, a shunt resistor may be connected across M1 
by placing SW1 in the X10 position. Resistor R2 serves 
as a dropping resistor. When SW1 is in the X10 position. 
the meter reading must be multiplied by 10 to find the 
value of rectified current. 


CAVITY Mi 





== Te 3684) 
Figure 303. Echo Box TS-217/MPN-1, schematic diagram. 
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(3) After the radar pulse has shock-excited the cavity 
into oscillation, the cavity will continue to oscillate with 
an amplitude which decreases exponentially with time. 
reradiating the absorbed energy out through the r-f input 
line. The time required for the oscillations in the cavity 
to die out is called “ringing time.” The ringing time is 
from 10 to 30 microseconds. The output from the cavity 
may be used as an aid in tuning the radar system. 


c. Operation. To connect the echo box to the radar 
system, withdraw the coaxial input line and connect it 
to the cable leading to the S-band wave selector. When 
the echo box is not in use the cable should be discon- 


nected. 
(1) TO CHECK SYSTEM SENSITIVITY. All controls 


on the radar receiver and indicators must be in the same 
position each time a sensitivity check is made. Optimum 
or peak sensitivity is determined by experience with a 
particular radar set, and it represents maximum perform- 
ance of the equipment. The search system sensitivity is 
obtained by the following procedure. 

(a) Connect the echo box to the S-band wave selector. 

(6b) With the search system in operation, tune the 
echo box control until maximum deflection is obtained 
on the echo box meter. 

(c) With the search central operating on the 714-mile 
range, observe on the indicator the ringing time of the 
echo box. The reading can be taken directly in miles on 


the indicator scale. The echo will appear as a large 


bright spot with a radius of 3 to 4 miles, when the set is 
functioning normally. As an example: if the radius of 
the observed spot is 3 miles and that obtained at peak 
sensitivity is 4 miles, the system sensitivity is 75 percent. 


(d) Detune echo box and disconnect the input cable. 
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(2) MEASUREMENT OF TRANSMITTER FRE- 
QUENCY. In general, measurement of the S-band trans- 
mitter frequency is not necessary as the frequency is fixed 
by the design of the transmitter tube and cannot be 
changed. If it is desired to measure the frequency, pro- 


ceed as follows: 
(a) Connect the echo box to the S-band wave selector. 


(6) With the radar system in operation, tune the echo 
box control until maximum deflection is obtained on the 
echo box meter. Be sure that the maximum center is read. 
Two smaller peaks are usually found on either side close 
to the main peak. 


(c) Read the scale and note the control knob position. 
The first two significant figures are found by the position 
of the indicator under the lucite scale on the control knob 
barrel. The third division is read off the circumference 
of the control knob. | 

(d) Determine the frequency by using the dial division 
calibration chart furnished with each echo box. 


d. Trouble Shooting the Echo Box. (1) If the 
echo box fails to ring, check the cable for continuity and 
shorting and the wiring for broken or loose connections. 


CAUTION: Before using an ohmmeter to check 
the circuit, remove crystal and microammeter 
from the circuit. 


(2) If the crystal needs to be replaced unscrew the 
crystal holder (fig. 302) and withdraw the crystal. Install 
the new crystal and replace the holder. Whenever the 
crystal is being installed, or when it is out of its holder, it 
must be kept away from the transmitting antennas if they 
are radiating. It is best to have the radar set off the air 
whenever crystals are removed from their capsules. Crys. 
tals are very delicate and should always be wrapped in 
tinfoil to protect them from being burned out, and if 
possible they should be kept in metal boxes. In dry or 
cold climates it is advisable, when inserting crystals, to 
ground out any static electricity by touching the finger 
to the echo box before the crystal makes contact. 


143. TEST SET TS-13/AP. 
a. General. Test Set TS-13/AP is a portable r-f sig- 


nal generator with self-contained wavemeter and power 
supply. It has been designed to operate in the X-band 
frequency range covered by Radio Set AN/MPN-1. The 
test set is used to measure the radar system power output, 
system frequency, local oscillator frequency, and receiver 
sensitivity. It will generate either pulsed or continuous 
wave r-f power. The test set is designed to operate on 
117-volt, 60-cycle power, and consumes approximately 
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150 watts. All controls for operating the test set are 
mounted on a front panel (fig. 304). The connection for 
r-f input and output is located on the left end of the unit. 
A frequency calibration chart is mounted in the cover. 


b. R-f Connections. There are two connections be- 
tween the test set and the radar system under test; a trig- 
ger line and an r-f line. The trigger line is a synchronizing _ 
cable, which connects between the INPUT. SYNC con- 
nector on the test set and any available trigger such as 
that from the TRIG OUT jack on the synchroscope. The 
r-f line effects the transfer of r-f energy from the system 
to the test set or vice versa. This is accomplished in either 
of two ways. The first method is to connect the test set to 
the X-band wave selector through a low loss r-f cable. 
In the other method of coupling, the r-f connector of the 
test set is coupled by a length of r-f cable to the test horn 
antenna. The horn antenna is then mounted at a conve- 
nient distance in front of the system antenna. . The distance 
is not critical and may be 15 or 20 feet, but once the dis- 
tance is established, it must be maintained for future com- 
parison, and care must be taken to orient the horn so that 
the feed probe in the horn is parallel to the dipole of the 
radar antenna. In this method, r-f energy may be trans- 
ferred in either direction, depending on the type of test 
to be made. 


CAUTION: Never connect the test set directly 
into the waveguide -except through the wave 
selector. To do so will damage the test set. 


c. Operation. The test set should be placed so that 
the radar system controls and those of the test set may 
be adjusted simultaneously. To place the test set in 
operation proceed as follows. 


(1) PRELIMINARY ADJUSTMENTS. 

(a) Connect the line cord to a source of 117-volt. 
60-cycle power and turn the POWER ON/OFF switch 
to ON. 

(6) Connect either a positive or a negative trigger 
from the radar system to the INPUT SYNC jack. The 
trigger may be taken from the TRIG OUT jack on the 
synchroscope which is located in the transmitter rack. 

(c) Turn the INPUT SEL to +TRIG or -TRIG 
depending on the polarity of the trigger taken from the 
synchroscope. 

(d) Connect one end of a length of r-f coaxial cable to 
the waveguide-coax adapter on the end of the test set. 

(e) Depending on the type of test, connect the other 
end of the coaxial cable to either the X-hand wave selector 
or to the test horn antenna. 


355 


Par. 143 


TM 11-1543 





Figure 304. Test Set TS-13/AP, front view. 


(2) CW OPERATION. 

(a) Make the .adjustments as described in subpara- 
graph (1) above. | 
(5b) Turm the CALIBRATE-USE switch to the CALI- 
BRATE position, the SYNC-SELF SYNC switch to the 
SYNC position and the PULSE-SQUARE WAVE switch 
to the PULSE position. Balance the thermistor bridge by 
varying the ZERO SET control until zero current is shown 
on the meter. 

(c) Vary the REFLECTOR contro] throughout its 
range. Note the number of points throughout this range 
which start the test set generating r-f power, as evidenced 
by a deflection upon the meter. Choose the point on the 
REFLECTOR control which gives maximum deflection on 
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the meter. If, through the course of the preceding adjust- 
ments, the meter deflects off scale, this indicates that too 
much power is being applied to the bridge. This can be 
remedied by varying the ADJUST OUTPUT control to 
bring the meter to approximately 34 of full scale. | 
(3) SYNCHRONIZED PULSE OPERATION. 

(a) Complete all steps as described in subparagraphs 
(1) and (2) above. 

(6) Turn the CALIBRATE-USE switch to the USE 
position; the test set is now ready for pulsed operation. 

(c) Adjust the PULSE WIDTH and PULSE SHIFT 
controls to give the desired r-f pulse width and r-f i cid 
time delay, respectively. 
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(4) SELF-SYNCHRONIZED PULSED OPERATION. 

(a) Complete all steps as described in subparagraphs 
(1) and (2) above. 

(6) For self-synchronized short pulses, place the 
PULSE-SQUARE WAVE switch in the PULSE position. 

(c) For self-synchronized long pulses or square wave 
operation, place the PULSE-SQUARE WAVE switch in 
the SQUARE WAVE position. 

(5S) FREQUENCY MODULATION OPERATION. 

(a) Complete all steps described in subparagraphs (1) 
and (2) above. Check to see that the thermistor bridge is 
balanced. | ' 

(6) Set the INPUT SEL switch to SAWTOOTH. 

(c) Connect a saw-tooth voltage of 100 to 300 volts 
amplitude to the SYNC INPUT connector, 

(d) Vary the REFLECTOR control to get maximum 


deflection on the meter. Now adjust until the deflection 


on the meter is about 34 of full scale by varying the. 


ADJUST OUTPUT control. 
(6) TO MEASURE POWER OUTPUT OF TRANS: 
MITTER. 

(a) Complete all steps as described in subparagraphs 
(1) and (2) above. 

(6) Connect a coaxial cable between the waveguide- 
coax adapter and the X-band wave selector. 

(c) Turn the ATTENUATOR and ADJUST OUTPUT 
controls fully counterclockwise. 

(d) Adjust ZERO SET control until meter reads zero. 
This should be repeated from time to time if the test set 
drifts off zero. 

(e) Turn the ATTENUATOR control clockwise to the 
red reference mark. 

(f) Turn on the radar system. 

(g) The test set meter now indicates the amount of 
power in milliwatts. 

(7) TO MEASURE TRANSMITTER FREQUENCY. 

(a) Complete all steps as described in subparagraphs 
(1) and (2) above. 

(6) Make the test as described in subparagraph (6) 
above. 


(c) Very slowly, turn the FREQUENCY control 


through the range of 0 to 18 on the dial. 

(qd) When the FREQUENCY control is tuned through 
the frequency of the radar system, a sharp dip wil be 
observed in the reading of the test set meter. Tune for the 
minimum meter reading. 


(e) Read the scale on the FREQUENCY dial. The 


frequency is then found on the calibration chart. 

(8) TO TEST X-BAND RECEIVER SENSITIVITY. 
(a) Carry out steps as described in subparagraph (7), 

(a) through (c). 
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(6) Turn the ATTENUATOR to midrange and the 
ADJUST OUTPUT knob nearly all the way clockwise. 

(c) Turn the CALIBRATE USE switch to CALI- 
BRATE. | 

(d) Adjust the REFLECTOR control to obtain a maxi- 
mum reading on the meter. If necessary, reset the 
ADJUST OUTPUT control to keep the meter ‘reading on 
the scale. | 

(e) Slowly turn the FREQUENCY control until a dip 
is observed on the meter. Read the frequency as described 
in subparagraph (7) above. 

(f) Make a small adjustment of the TUNING control 
and then readjust the REFLECTOR control until the 
meter reading is at a maximum. Turning the TUNING 
control clockwise lowers the frequency and vice versa. 

(g) Again read the frequency as in (e) above. 

(h) Repeat steps (f) and (g) above as many times as 
necessary, until the frequency is very close to that of the 
radar system. 

(t) Adjust the synchroscope in the transmitter rack 
to indicate the output of the receiver under test. Adjust 
the receiver sensitivity control to its full clockwise posi- 
tion and the synchroscope video amplifier gain so that 
about 14 inch of noise is showing on the CRT. 

(j) Adjust the test set ADJUST OUTPUT to give a 
reading of 100 on the meter. 

(k) Recheck the power meter reading and, if neces- 
sary, reset the ADJUST OUTPUT control slightly to 
restore the meter reading to 100. | 

(1) ‘Throw the CALIBRATE-USE switch to USE. At 
this point, an artificial signal or pip should appear on 
the CRT of the synchroscope. The signal may be moved 
in range by use of the PULSE SHIFT control. 


(m) Make a fine adjustment of the TUNING control 
to obtain asmaximum signal on the CRT. To do this, it 
may be necessary to retard the video amplifier gain of the 
synchroscope just long enough to peak the artificial signal. 


(n) Check to see that the power meter still reads zero 
when the ADJUST OUTPUT control is in the extreme 
counterclockwise position. If it has drifted off zero, reset 
with the ZERO SET control; set the CALIBRATE-USE 
switch to CALIBRATE; reset ADJUST OUTPUT to give 
a power meter reading of 100; and then turn the CALI- 


BRATE-USE switch back to USE again. 


(o) Turn the ATTENUATOR control clockwise until 
the artificial signal on the CRT is barely visible in the 
noise. Moving the PULSE SHIFT control on the test set 
will improve the accuracy to which this can be done. 

(p) The reading of the ATTENUATOR dial at the 
point of disappearance of the signal into the noise is an 
indication of the receiver sensitivity. 
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NOTE: The above sensitivity test should be 
made on each X-band receiver when they are 
known to be in a good operating condition, then 
all future tests should be based on the results 
obtained. 


d. Circuit Description. Basically, the test set con- 
sists of a pulsing and phasing circuit; a regulated power 
supply system; an r-f oscillator and associated plumbing ; 
and a direct reading thermistor bridge circuit. 


(1) PULSING AND PHASING CIRCUIT. 

(a) Inverter. A negative trigger is required to operate 
the phasing multivibrator V102 (figs. 305 and 306). If 
only a positive trigger is available, it is necessary to resort 
to a phase inverter to convert to a negative trigger. The 
positive trigger from the INPUT SYNC jack passes 
through the INPUT SEL switch, which would be set for a 
+TRIG applied to the grid of V101(a) through grid 


coupling capacitor C102 (fig. 307). V101(a) is close to— 


cutoff and therefore the plate is slightly below ground 
potential. When a positive pulse is applied to the grid, 
the tube is immediately driven to increased conduction. 
The increased plate current causes a large voltage drop 
across ‘R101. Point A is then at a much lower negative 
potential than the quiescent condition and will remain 
so for the duration of the applied pulse. The resulting 
negative pulse is applied through the plate coupling 
capacitor C104, to the grid of the phasing multivibrator. 
It can be seen that as the grid potential is made more posi- 
tive, the plate potential is made more negative. Conse- 
quently a 180-degree phase shift has been accomplished. 
| 
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The use of a grounded positive voltage supply in this 
circuit in no way affects the normal circuit theory of the 
vacuum tube. R128 is a B-supply limiting resistor; R102 
is a grid resistor; R103 provides the cathode bias; and 
C103 is a cathode bypass capacitor when a negative 
trigger is applied with the INPUT SEL switch in the 
-TRIG position. The trigger is passed directly on to the 
phasing multivibrator through capacitors C101 and C104. 


(6) Phasing Multivibrator. The function of the multi- 
vibrator is to generate square waves. It is a relaxation 
type oscillator consisting of two resistance coupled stages 
in which the output of the second stage supplies the input 
to the first stage (fig. 308). Each stage gives a phase 
inversion of 180 degrees. Thus a total phase shift of 360 
degrees is obtained. The output of the second stage is in 
phase with the signal on the grid of the first stage, there- 
fore the conditions for an oscillatory circuit are satisfied. 
When tube V102(a) is conducting, the grid bias on tube 
V102(b) is made less negative as capacitor C106 is 
charged. When the grid voltage of tube V102(b) becomes 
positive with respect to the cathode, tube V102(b) be- 
gins conducting and V102(a) is nonconducting. The 
plate voltages are approximately square waves when the 
circuit constants are adjusted properly. The periods of 
half-cycles TA and TB (fig. 309) vary with the time con- 
stants consisting of RA, R109, C106, and the operating 
condition of the tube. RA and RB are varied by the 
PULSE-SQUARE WAVE and SYNC-SELF SYNC 
switches and the PULSE SHIFT control R104, to vary 
the time constants for different types of operation. When 
the PULSE-SQUARE WAVE switch is in the SQUARE 
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Figure 305. Test Set TS-13/AP, functional block diagram. 
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Figure 306. Test Set TS-13/AP, schematic diagram. 
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Rating | Tolerance Designation 
Tolerance 
600V d-c C 
SO0V dae ioe R121 2,000 lwatt 10% 
600V d-c 10% R122 100,000 Swatt 10% 
500V d-c 10% R123 10,000 2 watt 10% 
500V d-- 10% R124 10,000 4watt 10% 
600V d-c 10% R125 10.000 4watt 10% 
500V d-c 10% R126 5,000 5 watt 10% 
500V d-c 10% R127 1 meg _.5 watt 10°% 
600V d-c 10°% R128 6,000 20 watt 10% 
600V d-c 10% R129 2 me 1 watt 10% 
600V d-c 10% R130 80,00 2 watt 10% 
500V d-c 10% R131 30,000 1 watt 10° 
600V d-c 10% R132 50,000 1 watt 10% 
1,000V d-c 10% R133 50,000 1 watt 10% 
1,000V d-c 10°; R134 100.000 1 watt 10% 
600V d-c 10% R135 1 meg 5 watt 10% 
1.000V d-c 10°% R136 5.500 10 watt 10% 
1,000V d-c 10% R137 38 > watt DG 
600V d-c 10% R138 38 5 watt 5% 
1,000V d-c 10% R139 3,000 4 watt 10% 
1,000V d-c 10% R140 3.000 4 watt 10% 
600V d-c 10% R141 THERMISTOR 
600V d-c 10°% R142 THERMISTOR 
R143 175 5 watt 5% 
1,000V d-c 10% R44 8.000 15 watt. 3% 
500V d-c 10% R145 500 2 watt 10% 
; R146 THERMISTOR .* 
950V R147 6.000 20 watt 10% 
250V R148 5,000 .5 watt 10% 
R149 250 5 watt 5% 
R150 20 2 watt 5% 
6-8V R151 250 5 watt 5% 
R152 250 2 watt 5% 
45 ohms R153 25C 5 watt 5% 
450 ohms 
210 ohms 
68 ohms Type 
ae T101 Power transformer Type 78077 
watt 0 
2 watt 10% 
5 watt 10% S101 Rotary, 3 pole 3 position, 3 section 
1 watt 10% $102 Toggle, DPDT 
5 watt 10% $103 Toggle. DPDT 
5 watt 10% $104 Toggle. DPDT 
7 watt 10% S105 Toggle, DPDT 
watt 10% 
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Figure 307. Trigger inverter, simplified schematic diagram. 


WAVE position. and the SYNC-SELF SYNC switch in the 
SELF SYNC position. the recurrence frequency is still 
1.000 cps but square waves of short duration are devel- 
oped. Tf the PULSE-SQUARE WAVE switch is set to 
PULSE. and the SYNC-SELF SYNC switch is in the 
SYNC position, the output waves are synchronized at the 
trigger frequency. When a trigger pulse is applied to the 
grid of V102(a), the change from nonconducting to con- 
ducting state of V102(b) is made to come ahead of its 
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Figure 308. Phasing multivibrator, simplified 
echematic diagram. 
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natural time by application of the trigger. The synchro- 
nized negative square wave output of V102(b) is passed 
to a differentiator for phasing the pulse which is to be 
applied to the r-f oscillator. 

(c) Differentiator. Sharp pulses are produced by an 
RC circuit (fig. 310) when abrupt changes occur in the 
d-c potential applied. Capacitor C107 charges or dis- 
charges exponentially until its voltage equals the new 
value of impressed voltage. A negative pulse is produced 
at the beginning of the negative square wave from the 
plate of V102(b), and a positive pulse at the end of the 
square wave. The time between the negative and positive 
pulses is adjusted by the PULSE SHIFT control R104, 
in the phasing multivibrator. 
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Figure 309. Phasing multivibrator waveforms. 


(d) Variable Pulse-Width Generator. This circuit is a 
modified multivibrator in which the capacitor coupling 
between the first grid and the second plate is omitted so 


that the circuit will not oscillate. but will go through one 


half-cvcle when triggered (fig. 311). The first triode. 
V103ta). is normally nonconducting and the second 
triode. V103(b). is normally conducting. Since V103(a) 
is already biased beyond cutoff. the negative trigger has 
no effect. The positive trigger from the differentiator cir- 
cuit causes V103(a) to become conducting as shown in 
figure 312. The grid voltage of V103(b) rises exponen- 
tially at a rate dependent upon the time constant of R11-4. 
R115, R112, and C108. The width of the output pulse is 
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varied by the PULSE WIDTH control R115, which varies 
the time constant. In figure 312, point A corresponds to 
the time of the input trigger; the time from A to B is 
time delay, and the time B to C is the width of the pulse. 
Inductance L101 is added to peak the rise of the pulse. 


vi02 i Loy 


V!IO3(A) 





TL 634639 


Figure 310. Differentiator, simplified diagram. 


(e) Inverter Amplifier. Tube VIOI(b) (fig. 306) is 


used as an inverter amplifier to invert the positive pulse» 


in a similar manner as V101(a) is used to invert positive 
trigger voltages. The output pulse of VIOL(b) is coupled 
to the grid of a cathode follower V10O4. when the PULSE- 
SQUARE WAVE switch is in the PULSE position. 

(f) Cathode Follower Stage. Tube V1OF is a cathode 
follower. It is used because it has a low output imped- 
ance and introduces negative feedback. The output is 
taken from across the cathode resistor and is used to 
modulate the r-f oscillator V112. 

(2) POWER SUPPLY SYSTEM. The power supply 
operates entirely from one transformer. T101 (fig. 306). 
It uses two full-wave rectifiers, VI10 and VIII, both 
operatiitg from separate high-voltage secondary windings. 
The two rectifiers actually form two power supplies whose 
voltages are additive. All voltages are negative with re- 
spect to ground. D-c voltage for the thermistor bridge 


and the cathode voltage for the oscillator tube are elec- 


tronically stabilized while the reflector voltage. whose 
current drain is slight, is obtained by connecting the elec- 
tronically regulated power supply in series with the VR 
stabilized power supply. The total reflector voltage is 
about -500 volts. V105 is a current reculator tube and 
tube V106 is a control tube for V105. Any change in 
voltage between ground and the cathode of V112 is fed 
to the grid of the control tube. V106 then operates the 
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current regulator in such a way as to compensate for the 


‘change; that is, to increase or decrease the internal im- 


pedance of the supply. R133 controls the cathode voltage 
of V112. This voltage can be varied over 100 volts, but is 
normally about 300 volts. R132 controls the amount of 
feedback to the contro] tube. If R132 is adjusted to give 
too small an amount of feedback, the regulating ability 
of the supply drops; if too much feedback is used, the 
regulation is inverse; that is, a change in low voltage will 
be magnified. 

(3) R-F OSCILLATOR. The oscillator, V112 (723A/B) 
is a velocity modulated tube of the reflex type. The oscil- 
lator is tuned for CW oscillation with the CALIBRATE- 
USE switch S104 (fig. 306) in the CALIBRATE position, 
by adjusting the reflector contro] R124 and R125. When 
the CALIBRATE-USE switch is thrown to the USE posi- 
tion, the reflector voltage of V112 is taken through the 
cathode resistor R121 of V10-+. This makes the reflector 
voltage less negative so that V112 stops oscillating. When 
a negative pulse is applied to the grid of V104, the tube 
becomes nonconducting. The IR drops across resistor 
R121 decreases to zero, returning the reflector of V112 
to the proper voltage for oscillation for the duration of 
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Figure 311. Pulse width generator, simplified 
schematic diagram. 


the pulse applied to V10-. When the PULSE-SQUARE 
WAVE switch is in the SQUARE WAVE position, the 
square wave output from \102 is applied to the grid of 
V104. When the INPUT SEL switch S101 is in the SAW: 
TOOTH position. tube V1IOF is not used. The external 
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Figure 312. Pulse width generator waveforms. 


saw-tooth voltage applied to the INPUT SYNC jack is 
coupled through capacitor C111 and a voltage divider 
consisting of R118 and R119, to the reflector of V112. 
R-f energy is taken from the oscillator by a probe extend- 
ing into the cavity of the tube. 


(4) R-F PLUMBING. The r-f plumbing of the test set 
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(fig. 313) consists of a resonant cavity-type frequency 
meter; a power measuring head; a calibrated attenuator; 
an uncalibrated attenuator; a waveguide-coax adapter; 
and an r-f oscillator whose output is connected into a sec- 
tion of waveguide on which these units are mounted. 
Figure 306 includes a schematic diagram of the r-f 
plumbing. 


(a) Frequency Meter. The frequency meter is a cyl- 
indrical cavity with the length adjustable by the FRE- 
QUENCY control. Energy is coupled from the rectangu- 


. lar waveguide to the frequency meter through a circular 


coupling hole. 


(6b) Waveguide-coax Adapter. The waveguide-coax 
adapter matches the impedance of a coaxial transmission 
line to that of the waveguide. They may be thought of as 
an antenna radiating into the waveguide, with a reflector 
which is a quarter-wavelength behind the antenna. The 
dimensions are not exact quarter-wavelengths, but are 
adjusted for matching the waveguide transition to the 
50-ohm coaxial line impedance. 


(c) Calibrated Attenuator. The calibrated attenuator 
consists of a rectangular glass strip that has a platinum 
coating. The strip is adjustable from one-side of the 
waveguide to the center by means of a pair of rods con- 
trolled by the ATTENUATOR dial through a gear box. 
The attenuation is increased as the strip is moved toward 
the center of the waveguide. This is because the electric 
field strength is greatest in the center of the waveguide. 
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Figure 313. Test Set TS-13/AP, r-f plumbing. 
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The presence of the platinized glass strip changes the 
characteristic impedance of that part of the waveguide. 
The ends of the glass strip are left bare for the equivalent 
of a quarter-wavelength. The quarter-wave section acts as 
a transformer to transform from the characteristic imped- 
ance of empty waveguide to the characteristic impedance 
of the waveguide with the attenuator strip. 


(d) T-junction Mount. The T-junction mount consists 
of a T-junction inserted between the r-f oscillator and the 
r-{ input-output jack. The frequency meter and the power 
monitoring head are mounted on the waveguide branching 
off from the T (point B in fig. 306). This is an E-plane 
type T-junction, in which the branch is effectively in series 
with the main waveguide. In measuring the transmitted 
power, when the waveguide is matched, looking from B 
to C and from B to D, approximately half the power 
transmitted past B is dissipated in each branch. Similarly, 
approximately half of the oscillator power transmitted 
past point B from the oscillator (point C) goes through 
the calibrated attenuator toward the r-f input-output jack, 
and half goes up the power monitoring branch. The dis- 
tance from the junetion at point D to the frequency 
meter coupling hole (point E) is equivalent to a half- 
wavelength in the waveguide, ‘so that when the frequency 
meter is tuned off resonance, the impedance, looking from 
D to E, is almost a short circuit. The hole at point D is 
effectively closed when the frequency meter is off reso- 
nance. 


(e) Power Measuring Head. A bead thermistor, R142, 
is mounted across the waveguide at point F (fig. 306), 
“and is essentially equivalent to a resistance in parallel 
with the waveguide. For a description of the operation of 
a thermistor and power measuring head see paragraph 
139c on Power Monitor TS-36/AP. The two compensat- 
ing disk thermistors, R146 and R141, are mounted on the 
waveguide so that they will be at the same temperature 
as the bead thermistor. | 


(f) Oscillator Tube Mount and Attenuator. R-f energy 
from the oscillator, V112, is coupled into the waveguide 
through a coaxial probe which acts as an antenna. The 
distance from the antenna probe (point C) to the shorted 
end of the waveguide is close to a quarter-wavelength so 
that energy initially traveling to the right is reflected back 
in phase with the energy going to the left. The uncali- 
brated attenuator is used to adjust the fraction of power 
that is transmitted to point E. The attenuator consists of 
a bakelite strip having a carbon coating. As the strip is 
moved toward the center of the waveguide by the ADJUST 
OUTPUT control, the power dissipated in the resistance 
strip increases. The resistance strip is partially matched 
to the characteristic impedance of the waveguide by 
notches in the ends. These notches are approximately 
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one quarter-wavelength long so that they act as a quarter- 
wave transformer. 


e. Trouble Shooting the Test Set. (1) PRO- 
CEDURE. Causes of incorrect operation should be deter- 
mined by following an orderly and systematic procedure. 
The test set, and hence the location of faults, may conve- 
niently be broken down into four circuits: 

(a) Pulsing and phasing circuit; consisting of the 
inverter, multivibrator, and cathode follower tubes. 

(6) R-f and oscillator circuit; consisting of the oscil- 
lator tube and associated plumbing. | 

(c) Thermistor bridge; consisting of the power mea- 
suring head, and two disk thermistors in a d-c bridge 
circuit. 

(d) Power supply; including the voltage regulator and 
control tubes. 

(2) NO C-W POWER. This will be evidenced by not 
being able to obtain a reading on the meter when in the 
CALIBRATE position. If the bridge had been previously 
balanced for CW, this would eliminate the bridge and its 
power source as a possible cause of trouble. The steps to 
be taken are as follows: 

(a) Check to see that there are proper reflector and 
cathode voltages on tube V112 and that the voltages are 
both available when tuning the REFLECTOR control. 

(b) Feel the shell of tube V112. It should be fairly 
hot, indicating that at least the filament is heated. 

(c) If the preceding tests are made and found to be 
correct, install a new oscillator tube. | 
(3) NOR-F PULSE. If there is no r-f pulse output when 
on SYNC or SELF SYNC pulse operation, the following 
procedure should be followed: | 

(a) Make certain the test set is adjusted for CW opera- 
tion. If CW output is obtained the trouble is probably in 
the pulsing circuit. 

(b) Connect trigger cable between the TRIG OUT jack 
én the synchroscope and the INPUT SYNC jack on the 
test set. 

(c) Adjust the synchroscope for SYNCH operation 
and the test set for synchronized PULSE operation. 

(d) Using a test lead connected to the SIG IN jack 
on the synchroscope, check the waveform at the cathode 
of V104. If there is a modulating trigger at this point, 
check the output and input of the inverter amplifier. Then 
work back to the input circuit, noting at which point the 
trigger cannot be noticed on the CRT of the synchroscope. 
Typical waveforms in the different circuits are shown’ at 
their respective points in the schematic diagram (fig. 
306). The trigger voltages viewed should be similar to 
those in the diagram. After the defective circuit has been 
located, use voltage and resistance measurements to locate 
the defective parts (figs. 314-317). 
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Figure 316. Test Set TS-13/AP voltage and resistance. 
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(4) POOR FREQUENCY METER DIP. If it is impos- 
sible to obtain a dip of at least 25 percent when checking 
frequency, it will usually be found that this condition is 
caused by frequency modulation being present in the out- 
put of the r-f oscillator. The following steps should be 
taken: 

(a) Replace the oscillator tube, V112. A defective 
tube can be the cause of excessive frequency modulation 
being present in the CW waveform. | 


" (6b) Using the test oscilloscope, check the ripple volt- 
age present in the cathode and reflector voltage supplies. 
Excessive ripple voltage will cause a poor frequency 
meter dip. If a 60-cycle ripple appears on the CRT, check 
all filter capacitors in the power supply system. 


(5) CHECKING VOLTAGE REGULATOR. It is pos- 
sible for the regulator efficiency to become impaired after 
the test set has been in use for some time or due to tube 
changes. The procedure to be used in checking the volt- 


age regulator action is as follows: 


(a) It will be necessary to vary the line voltage several 
volts. This can be done when the radar set is off, by vary- 
ing the line voltage contro! on the power plant. 


(6) Connect the analyzer to measure the voltage be- 
tween pin 2 of V107 and the chassis. Adjust the analyzer 
to the 1,000-volt d-c scale. 


(c) If the adjustments of R132 and R133 are correct, 
varying the line voltage from 105 to 123 volts should not 
cause a change greater than | volt on the analyzer read- 
ing. The d-c voltage should remain constant at about 300 
volts. If it is found that the d-c voltage does deviate too 
much, then potentiometers R132 and R133 should: be 
adjusted until a constant voltage of 300 volts is obtained. 


(6) CALIBRATED ATTENUATOR. The calibrated at- 
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tenuator dial may slip. To reset, loosen the dial and turn 
the knob counterclockwise until it stops. Turn firmly but 
do not force it when it stops. At this point, the attenuator 
drive will be against the stop screw. Then set the dot on 
the calibrated dial under the indicator and tighten the 


dial screw. 


144. TEST SET TS-225/MPN-I. 

a. Description. Test Set TS-225 is a portable reso- 
nant cavity system designed for use in the X-band fre- 
quency range covered by Radio Set AN/MPN-1. The 
test set requires no external power supply, being oper- 
ated by the energy picked up from the transmitter of the 
radar equipment under test. The test set (fig. 318) is 
contained in a metal carrying case which has a remov- 
able cover. The top of the test set serves as a control 
panel upon which are mounted two coaxial INPUT jacks; 
a TUNING control and tuning indicator; an output meter; 
a meter reading adjustment; and a SPARE CRYSTAL 
compartment. One end of the case. provides storage space 
for a test dipole and coaxial connecting cords. On the 
under side of the panel (figs. 319 and 320) there is fas- 
tened a manually tuned ringing cavity, a smoothing 
capacitor, an input transducer and crystal assembly, and 
a microammeter. 


b. R-f Connection. There are two methods of coup- 
ling the test set to the radar system. They are: a dipole 
antenna method, and a wave selector method. 


(1) DIPOLE ANTENNA METHOD. When the dipole 
antenna is used it should be located approximately 30 
feet from the radar antenna. Ordinarily, it is secured to 
a smooth surface by means of the attached suction cups. 
The dipole antenna elements will be properly oriented 
when the axis of the cord, which is connected to the re- 
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Figure 318. Test Set TS-225/MPN-1. 
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Figure 319. Test Set TS-225/MPN-1, top view. 


flector, is perpendicular to the plane of polarization of 
the system antenna. A fixed location should be decided 
upon and adhered to in all future tests so that results of 
the tests will be, directly comparable. It is important to 
avoid locations where interference patterns are formed 
by large reflecting surfaces. 


(2) WAVE SELECTOR METHOD. Radio Set AN/MPN-1 
is equipped with a wave selector (fig. 105), which is 
located behind the elevation antenna. The wave selector 
couples out a small percentage of power in the waveguide. 
Connection between the test set and wave selector is done 
through a coaxial cable furnished with the test set. 


ec. General Operating Procedure. Keep a perma- 
nent record of the radar equipment performance showing 
the results of each test. Such a record will serve as a life 
history of the installation; it will show up any progressive 
deterioration in radar performance and will be a useful 
guide in locating defective apparatus or improper adjust- 
ments. 


(1) OVER-ALL PERFORMANCE TEST. 


(a) Place the radar equipment in operation and allow 
it to warm up. 


(6) Locate the test set dipole in its standard position 
relative to the radar system under test. 

(c) Turn the test set METER READING control to 
MIN position and connect the dipole to the UNTUNED 
INPUT jack (using the patch cord provided). 

(dq) After the radar equipment has warmed up to nor- 
mal operating temperature, adjust the azimuth and tilt of 
its antenna and, if necessary, move the dipole slightly to 
obtain maximum pickup as indicated by the test set meter 
reading. During this process, readjust the METER 
READING control as necessary to obtain adequate deflec- 
tion without overloading the crystal and the meter. The 
approximate setting for the tilt and azimuth of the system 
antenna should have been determined so that only small 
shifts from a reference location of the dipole will be 
required to obtain maximum pickup. 

(e) Move the dipole connection from the UNTUNED 
INPUT to the TUNED INPUT jack. 

(f) Adjust the TUNING control for a maximum read- 
ing as indicated on the meter, and at the same time agjust 
the METER READING control to obtain adequate deflec- 
tion without overloading the crystal and the meter. The 
range on the radar indicator should be set so that maxi- 
mum deflection will be obtained on the system indicator. 
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Figure 320. Test Set TS-225/MPN-1, bottom view. 


(g) Note the ringtime to the nearest 1/10 mile. 

(hk) Compare this figure with corresponding values on 
previous tests to determine the over-all performance of 
the system. 


(2) SPECTRUM ANALYSIS. A radar transmitter in 
- good condition should give a spectrum curve similar to 
curve A or curve B of figure 321. A curve similar to 
curve C usually indicates that the transmitter output is 
frequency-modulated. This may be caused by a -pulse 
which does not have a flat top or which has excessively 
sloping sides. It may also be due to a magnetron which is 
unstable or which is operating at improper voltage, cur- 
rent, or flux density. If two distinct peaks of comparable 
size are obtained, as in curve D, it is likely that the 
magnetron is subject to frequency “pulling” by standing 
waves in the waveguide. This may be caused by dents in 
the waveguide, defective waveguide choke couplings, or 
by a defective absorber unit. Procedure for making the 
above test is as follows: 
- (a) Turn the test set METER READING control to 

the MIN position. 

(6) Connect a short coaxial cable between the X-band 
wave selector and the TUNED INPUT on the test set. 

(c) With the radar set operating, turn METER READ- 
ING control to the point that gives a usable meter reading. 

(d) Adjust the TUNING control for maximum indi- 
cation on the meter, readjusting the METER READING 
control as necessary to secure approximately full-scale 
deflection on the meter when the tuning is optimum. The 
tuning dial now indicates resonance. 
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(e) Rotate the TUNING control well below the point 
of resonance. Do not change the METER READING 
cortrol, 

(f{) Turn the TUNING control slowly through the 
resonance point, noting the meter indication for various 
settings of the control. It is good practice to cover the 
frequency range by turning the TUNING control in the 
same direction, not by turning it in a back and forth 
movement. In this way, any error introduced because of . 
backlash is eliminated. | 

(g) Construct a graph with the meter indications 
plotted against the readings on the 100-division TUNING 
dial. The resulting graph should resemble one of those 
in figure 321. 

d. Theory of Operation. The circuit of Test Set 
TS-225/MPN-1 consists of a resonant cavity having a 
tuned and an untuned system, a rectifier, and a meter 
circuit (fig. 322). 

(1) RESONANT CAVITY. The resonant cavity is a 
cylinder of aluminum alloy, within which a piston moves 
under the control of the frequency control gear mechan- 
ism, actuated by the TUNING control. The interior of © 
the cavity is silver plated. The location of the fixed end is 
controlled by three screws which are adjusted at the fac- 
tory. The piston is a bakelite disk with one side having a 
sheet of silver-plated copper foil cemented to it. The 
position of the piston within the cavity, and consequently 
the resonant frequency, is indicated by an engraved scale 
which is visible through a plexiglas window. The lower 
scale is divided into 33 equal parts and covers a range 
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Figure 321. Spectrum analysis charts. 


of 330 megacycles. Thus, each division represents 10 mc. 
Zero on the lower scale represents 8,920 mc. The fre- 
quency in mc corresponding to any setting on the lower 
scale is 8,920 ++ 10 times the dial reading. .For example, 
if the lower scale reads 17.5, then the frequency for that 
setting is 8,920 + (10 x 17.5) or 9,095 mc. The upper 
scale is divided into 18 parts, each part corresponding to 
1 full rotation of the TUNING control. This scale is 
useful for spectrum analysis and for recording the dial 
setting which represents the frequency of the radar trans- 
mitter. This reading consists of the reading on the upper 


scale which is a whole number representing hundreds, 
plus the reading on the lower dial. For example, if the 
upper scale reads between 9 and 10, and the lower scale 
reads 62, the setting is 962. 


(2) INPUT TRANSDUCER. R-f power is fed into the 
input transducer through a coaxial cable from the TUNED 
INPUT jack J101 (fig. 322). The central conductor of 
the cable extends as a probe into the input transducer. 
The transfer of energy into the tuned cavity is through an 
orifice in the tuned cavity. 
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(3) UNTUNED INPUT CIRCUIT. R-f power is fed to a 
section of waveguide through a coaxial cable from the 
UNTUNED INPUT jack J102. From the waveguide sec- 
tion, the r-f power goes through a directional coupler 
window to the crystal unit assembly. The crystal rectifier 
and meter circuit must work with either the TUNED 
INPUT or the UNTUNED INPUT circuit. An output 
coupling orifice in the cavity (fig. 322) allows r-f energy 
to enter the crystal chamber. The amount of r-f energy 
reaching the crystal is controlled by the METER READ- 
ING control which introduces attenuation in the common 
transmission path. 

(1) The r-f energy reaching the crystal unit assembly is 
rectified by the crystal. The rectified current is then 
measured by the microammeter MIO]. The characteris- 
tics of the crystal and meter circuit ave such that. the 
meter deflection is approximately proportional to the 
power at the input jack. Two special bypass capacitors 
complete the r-f circuit through the rectifier. Capacitor 
C101 is used to smooth out the current pulses: going to 
the meter and makes the reading more steady. 


‘e. Variations of Ringtime with Temperature. 
(1) The electrical resistance of the walls of the resonant 
cavity varies with temperature. This causes a_ sticht 
change in the Q of the cavity which, in turn. alters the 
ringtime. The ringtime increases at lqw temperatures 
and decreases at high temperatures. Approximate changes 
in a cavity are given below: 


Temperature Change in ringtime 
— 40°F : +(0.23-mile 
— 20°F +0.2 -mile 


0°F +0.15-mile 


+ 20°F +0.1 -mile 
+ 40°F +0.07-mile 
+ 60°F +0.02-mile 
+ 70°F ().00-mile 
+ 80°F —Q).02-mile 
+100°F —().U7-mile 
+120°F —4).1 -mile 
+140°F —).15-mile 


(2) Even under extreme changes of temperature. the 
Variation of ringtime due to changes in the characteristics 
of the test set is relatively small. Any change in observed 
ringtime larger than those shown above indicates that 
the variation is probably in the performance of the radar 
equipment itself, 


f. Trouble Shooting. The adjustments of the reso- 
nant cavity and waveguides should not be altered under 
any conditions. To do so will change the constants which 
determine the ringtime and the frequency calibration. 
Periodical inspection should be made by removing the 
test set from the case and by checking for loose wires and 
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Figure 322. Test Set TS-225/MPN.-1, schematic diagram. 


mechanical tightness. The most frequent cause of trouble 
ix a damaged or burned-out crvstal. 


(hi PRECAUTIONS. The clectrical characteristics of 
the cartridge-ty pe crystal will be impaired seriously if 
excessive electrical currents pass through the unit. Minute 
static charges are sufficient to cause damage. Therefore 
the possibility of a static discharge through the crystal 
should be prevented. Static may be accumulated, par- 
ticularly in dry weather, by the motion of the operator's 
feet across an insulated floor. If the apparatus into which 
the crystal is to be inserted is not grounded, the apparatus 
may have accumulated a static charge. THF POSSI. 
BILITY OF DAMAGE MAY BE AVOIDED BY TOUCH- 
ING THE CRYSTAL BLOCK WITH THE HAND 
WHICH HOLDS THE NEW CRYSTAL. BEFORE AND 
WHILE INSERTING THE NEW CRYSTAL IN THE 
BLOCK. The power absorbed by a crystal from a strong 
electromagnetic field mav be sufheient to overload and 
damage it. Units, therefore, should never be exposed to 
strong fields. [fit is necessary to remove the crystal from 
the crystal holder or from the spare crystal container 
when in the vicinity of a radar transmitter. THE OPER. 
ATION OF THE TRANSMITTER SHOULD FIRST BE 
STOPPED. Crystals not mounted in the set should be 
kept wrapped in lead foil or stored in a metal box. 
(2) PROCEDURE. To replace the crystal proceed as 
follows: 

(a) Remove the four panel screws and lift the test set 
from the case. 

(6) Unscrew the crystal extractor (fig. 319) from the 
assembly. | 

tc) Unscrew the knurled cap from the extractor, then 
the crystal is readily removed. 

td’ To install a new crystal, reverse the above pro- 
cedure. 
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Trouble-shooting Procedures 


Pats. 145-147 


SECTION Ill 
TROUBLE SHOOTING BY USE OF STARTING PROCEDURE 


145. INTRODUCTION. The following analysis of 
trouble symptoms in Radio Set AN/MPN-1 and the 
trouble-shooting information which follows the analysis 
(chs. 7 and 8) have been prepared to aid the repairman 
in isolating the faults which may occur during the opera- 
tion of the set. 

a. The trouble-shooting proceanre for Radio Set 
AN/MPN-1 is as follows: 
(1) When a fault occurs that cannot be readily located 
by observation, the set should be completely shut down 
and then restarted according to the starting procedure 
outlined in TM 11-1343. This starting procedure has been 
repeated in the following paragraphs along with the 
indications of normal functioning, certain abnormal indi- 
cations that may occur, and the probable location of the 
fault causing the abnormality. 
(2) In steps 1 through 12, the majority of abnormal 
indications will occur in the power distribution system 
and will be caused by faulty switches, terminal strip 
connections, and power supplies. These faults can best 
be located by referring to the power distribution diagram 
(fig. 198) and checking voltages or continuity at succes- 
sive points from the input end. 
(3) Steps 13 and 15 can be used to isolate faults in the 
indicating system and in the receiving or transmitting 
systems, respectively. By the use of these steps, abnor- 
malities can be located to a system, or in some cases, to 
a defective component. References are given under the 
probable location of fault which refer the repairman to 
the system trouble-shooting charts in chapters 7, 8, and 
9. By means of this chart and the component waveform, 


146. STEP I. 


voltage, and resistance charts, the fault can be traced to 
a faulty stage and hence to the defective resistance or 
capacitor causing the abnormality. 

b. To aid in the trouble shooting, two test oscillo- 
scopes (synchroscopes) have been incorporated into the 
radio set. One synchroscope is located in ‘the transmitter 
rack and can be used to monitor the output of the search 
and precision receivers as well as to check certain critical 
waveforms in the transmitting and receiving systems. 
The second synchroscope is. mounted in the indicator rack 
and is equipped with test leads for use in checking wave- 
forms at the test point jacks mounted on the various 
indicator components. Typical waveforms obtained with 
the set operating normally are given in chapters 7 and 
8 and should be used with the component trouble-shooting 
charts to isolate faults to a particular stage. A normal 
waveshape at the input of a stage and an abnormal wave- 
shape at the output is usually an indication of trouble in 
that stage. Frequently, however, a fault in the succeed- 
ing stage will cause the abnormal waveshape; thus voltage 
and resistance measurements should not be confined to 
the single stage in question. 

c. The final paragraph in this section (par. 161) pro- 
vides an outline of the adjustment procedure for Radio 
Set AN/MPN-1 and gives references to the paragraphs 
where the complete alignment procedure for the parti- 
cular item can be found. In many cases an abnormal 
indication may be only the result of a maladjusted com- 
ponent which must be corrected before logical trouble 
shooting can be attempted. 


The TRANSMIT switch should be in its midposition, disconnecting both channels. All 


switches and circuit breakers should be in the OFF position. All indicator brilliance 
adjustments should be turned completely counterclockwise. 


NORMAL INDICATION: 


147. STEP 2. 


Preparatory step, no indications. 


Close the main switch to either GENERATOR or COMMERCIAL, depending upon the type 


of power being fed into the trailer. Check the line voltage with the distribution panel 
meter. If on generator power, check the output of each generator by throwing the volt- 
meter switch to the proper position, 1 or 2. The reading should be 117 +2 volts. 


NORMAL INDICATIONS: 1. Both amber indicator lamps glow. 
2. Distribution panel meter should read 117 +2 volts in both GEN-1 
and GEN-2 positions. | 
3. Blower motors in trailer may be heard to operate. 
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ABNORMAL INDICATIONS PROBABLE LOCATION OF FAULT 
1. No indications of power. la. Main circuit breakers on generators in OFF position. 
b. Defective power cables or connectors. 
c. Main switch defective or in wrong position. { 

2. Qne or both indicator lamps do not glow, 2a. Defective pilot light or wiring. 

other indications normal. b. Pilot light transformer T3 or T4 faulty. 
3. No meter indication in either switch posi- 3a. Defective meter. 

tion, other indications normal. b. Defective switch SW20 or associated wiring. 
4. All blowers inoperative, other indications 4a. Switch SW15 off or defective. 

normal. . b. Defective wiring to distribution panel. 
5. One or two blowers inoperative, other 5a. Defective blower motor. 

indications normal. b. Defective wiring to inoperative blower. 


148. STEP 3. Close circuit breaker SW16 for trailer lights. If the ceiling lights do not come on, an indi- 
vidual snap switch of a unit may be turned off or a door may be open. Circuit breaker 
SW16 also feeds power to the convenience outlets. 


NORMAL INDICATIONS: 1. Ceiling lights in trailer come on. 


2. Power is available at convenience outlets. 





ABNORMAL INDICATIONS PROBABLE LOCATION OF FAULT 
1. All ceiling lights remain off, no power at la. Either or both door interlocks open. 
convenience outlets. _ ) b. Defective switch SW16 or associated wiring. 
2. One or more ceiling lights inoperative. 2a. Individual light switch in off position. 
b. Defective bulb or wiring in light. 
3. One or more convenience outlets inopera- 3. Defective outlet or wiring. 
tive. 


149, STEP 4. Check circuit breaker SW15 which starts the rack blowers and feeds power to the hydraulic 
pump motor switch located on the azimuth antenna housing. This circuit breaker should be 
in the ON position at all times. The wall switch for the pump motor is turned on only 
during trailer leveling operations. 


NORMAL INDICATION: Hydraulic pump motor can be heard to operate when wall switch is turned 


on, 
ABNORMAL INDICATIONS PROBABLE LOCATION OF FAULT 
1. Hydraulic pump motor does not operate la. Defective wall switch or associated wiring. 
when wall switch is turned on, indications b. Defective pump motor. 


of STEP 2 are normal. 


150. STEP 5. Close circuit breaker SW14. This feeds power to switch SW18 which feeds the IFF equip- 


ment. It also provides power for the two synchroscopes. 


NORMAL INDICATION: Red jewel lamps on both synchroscopes glow. 





ABNORMAL INDICATIONS PROBABLE LOCATION OF FAULT ? 





1. Red jewel lamp does not glow and time- la. Power switch on front panel of both synchroscopes in OFF 
base cannot be obtained on either synchro- position. 
scope. 6. Circuit breaker SW14 or associated wiring defective. 
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2. Red jewel lamp does not glow and time- 2a. 
base cannot be obtained on one synchro- position. 
scope, other synchroscope normal. b. Fuse F1 defective in faulty synchroscope. 


c. If the above faults are OK, refer to trouble shooting the synchro- 


Power switch on front panel of faulty synchroscope in OFF 


151. STEP 6. 


scope (par. 136). 


Close circuit breaker SW13. This feeds power to the communications receivers, power sup- 


plies, intercommunications system, and the pilot lights of the approach indicators. Opera- 


tion of any communications circuit is now possible. 


each unit. 


NORMAL INDICATIONS: 


Turn on the individual switches of 


. Approach indicator errormeters and course card lamps glow. 
2. Green REC. lamp on approach indicator glows with switch in center 
position. — 
. Aural signal pilot light on approach indicator glows with switch in 


lower position. 


. Selector switch pilot lights on approach indicator and intercommuni- 


cations panel glow. 


. Tower receiver and PP-100 filaments light. 
. Receiver BC-342-N dial light on if power switch on receiver front 


panel is in MVC or AVC position. 


. Dial lights on SCR-522 control boxes. 
. Filaments on SCR-522 power supplies light. 
. Filaments on SCR-274 transmitters and power supplies light. 





ABNORMAL INDICATIONS 


Ai 
2. 


No indications of power in above circuits. 
Dial lights and pilot lamps on approach 
indicator do not glow. All other indica- 
tions normal, 


. Tower receiver and PP-100 filaments do 


not glow, all other indications normal. 


. Dial light on one of three Receivers BC- 


342-N does not glow, other indications 
normal. 


Dial lights on SCR-522 receivers do not 
light, filaments on power supply RA-62 
do not glow, all other indications normal. 


Filaments on SCR-274 receivers and power 
supply PP-28 do not glow. 


PROBABLE LOCATION OF FAULT 


1. Switch SW13 or associated wiring faulty. 
. MIC. SUPPLY switch SW4 or associated wiring defective. 


b. Fuses F1 and F2 both defective (indicator lamps NE1 and NE2 


will glow). 
c. Refer to trouble shooting in approach indicator (par. 225). 
. Switch on power supply PP-100 defective or in off position. 


b. Power supply PP-100 fuse F1 defective (indicator lamp NE1l 


will glow). 
- Rack wiring defective. 


.y) 


a. 


munications system power supplies (par. 245). 
. Switch on front panel of receiver in OFF position. 
Fuse F3 on receiver front panel defective. 
. Dial light defective. 
. Switch at rear of receiver in OFF position. 
Rack wiring defective. 


T 11-850. 

. Switch on power supply RA-62 defective or in off position. 
. Fuses in power supply RA-62 defective. 

. Rack wiring defective. 


A 9 > Te 8 AO ~ £ 


communications system power supplies (par. 245). 


o 8 


. Fuse F2 defective (neon indicator lamps NE2 will glow). 


. Power supply PP-100 faulty, refer to soubls shooting in com- 


Receiver BC-342-N defective, refer to trouble shooting i in manual 


. Power supply RA-62 faulty, refer to trouble shooting in the 


. Switch SW3 on power supply PP-28 defective or in off position. 
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c. Rack wiring defective. 
d. Power supply PP-28 faulty, refer to trouble shooting the com- 
munications system power supplies (par. 245). 


152. STEP 7. Close circuit breaker SW12. This feeds power to the channel switching relays through 
the TRANSMIT SWITCH which should be in the OFF position. 


NORMAL INDICATION: — No indications until TRANSMIT SWITCH is operated. 


153. STEP 8. Close circuit breaker SW11. This feeds power to the 4,000-volt power supplies. 


NORMAL INDICATION: With 4-kv channel A-B change-over switch in the midposition, filaments 
of both PP-23 power supplies will glow. 


ABNORMAL INDICATIONS PROBABLE LOCATION OF FAULT : 
Il. Filaments do not light on either 4-kv power la. Switch SW11 defective. 
supply. b. Defective rack wiring or .wiring to 4-kv channel A-B switch. 
2. Filaments do not light on one power sup- 2a. 4-kv channel A-B switch not in midposition. 
ply, other supply normal. b. Defective fuse F2 in PP-23 (neon indicator lamp NE2 will glow). 


154. STEP 9. Check to see that switch SW19 is in the OFF position. Close circuit breaker SW10. This 


feeds power to the search indicators, scan motor switch SW19, and search centrals. 


' NORMAL INDICATIONS: 1. Focused spot appears on both search indicator CTR’s with intensity 
control turned clockwise. . 
2. Map lights and rose lights on search indicators glow. 







ABNORMAL INDICATIONS | PROBABLE LOCATION OF FAULT 
1. No spot on either CRT, map and rose lights la. Defective switch SW10. 
on both search indicators do not glow b. Rack wiring defective. 


when associated illumination controls are 
turned fully clockwise. 
2. No spot on either CRT, other indications 2a. Throw 4-kv channel A-B switch SW1 to up position. If spot 
normal. appears, 4-kv power supply PP-23 (#2) is defective (par. 243). 
b. Fuse Fl in power supply (#2) defective (neon indicator lamp 
NE] will glow). 


c. Interlock switch on 4-kv power supply (#2) open or defective. 
d. Time delay relay on 4-kv power supply chassis defective. 
e. Refer to trouble shooting in the 4-kv power supplies (par. 243). 
3. Defocused spot appears on one CRT, map 3a. Fuse F1 on search central defective (neon indicator lamp NE will 
and rose lights on associated search cen- glow). 
tral do not glow, other indications normal. b. Faulty connection at terminal 26-2 on search central. 
4. No spot appears on one CRT, other indi- 4a. Plug PL1 on search indicator disconnected or defective. 


o 


cations normal. . No filament voltage at pins 2 and 8 of CRT, transformer T1 
defective or.bad contact at terminals 1 and 2 on panel 20. 
c. CRT filament open, check continuity between pins 2 and 8. 
®. Defocused spot on one CRT, other indica- 5a. 300-volt power supply PP-27 defective (par. 242) or faulty con- 
tions normal. nection at terminal 22-4. 
b. Defective focus control P3 on search indicator. 


c. CRT defective. 
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6. Defocused spot on both CRT’s, other indi- 6a. Throw 4-kv channel A-B switch SW1 up to position. If spot 
cations normal. focuses, power supply PP-23 (#2) voltage is low. 
b. Faulty connection at RECPT. 1 (B+-) on PP-23 (#2) or at plug 
SKI on Relay Switching Unit RE-3/MPN-1. 


155. STEP 10. Check to see that switch SW17 is in the OFF position. Close circuit breaker SW9. This 


feeds power to the precision indicators, directors, and precision scan motor switch SW17. 


NORMAL INDICATIONS: 1. Large unfocused spot appears on all precision indicator tubes. 


2. Cursor illumination and map light circuits energized. 





ABNORMAL INDICATIONS PROBABLE LOCATION OF FAULT 
1. No spot on any indicator tube, cursor and la. Defective switch SW9. 
map lights do not glow with associated b.“-Rack wiring defective. 
illumination controls turned fully clock- 
wise. 
2. No spot on any indicator tube, other indi- 2a. Throw 4-kv channel A-B switch SW] to down position. If spot 
cations normal. appears on all tubes, 4-kv power supply PP-23 (#1) is defective. 
b. Fuse Fl in power supply (#1) defective (neon indicator lamp 


NE] will glow). 


c. Interlock switch on 4-kv power supply (#1) open or defective. 
d. Time delay relay on 4-kv power supply chassis defective. 
e. Refer to trouble shooting in 4-kv power supplies (par. 243). 
3. Cursor and map lights on either director 3a. Defective connections at panel ABS on faulty indicator. 
do not glow, other indications normal. b. Transformer Tl or associated wiring in indicator defective. 
4. No spot on both tubes of either precision 4a. Defective connection at PL] on faulty indicator. 
indicator and indications normal. | b. Transformer T1 defective. 
c. Defective connections at terminals ] and 2 on panel AB1 of faulty 
indicator. 
5. No spot on either tube of one indicator, Sa. Defective filament of faulty tube, check continuity between pins 
other indicator tubes and indications nor- 2 and 8. | 
mal. b. 4-kv power disconnected from faulty tube at electrodes PL2 or 
PL3. 


156. STEP 11. Before closing switches SW19 and SW17 check to see that no one will be injured and that 
no equipment will be damaged by running either of the two scan motors. Close switches 
SW19 and SW17; this starts the search and precision scanning motors. 


NORMAL INDICATIONS: 1. Search antenna rotates and search antenna drive motor can be heard 
to operate when switch SW19 is closed. 
2. Precision scanning motor starts and can be heard running when switch 


SW17 is closed. 





ABNORMAL INDICATIONS PROBABLE LOCATION OF FAULT 
1. Search antenna does not rotate when cir- la. Séarch antenna switch on tower receiver control panel, located in 
cuit breaker SW19 is closed. bay 5 below intercommunications panel, in OFF position or 
defective. 


6. Safety switch on trailer roof near search antenna in OFF position 
or defective. 
. Switch SW19 or distribution panel wiring defective. 
d. RELAY 1 in distribution panel defective. Test by opening panel 
and manually closing RELAY 1. 
e. Search antenna motor defective. 


.v) 
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2. Precision scanning motor does not operate 2a. Inside safety switch in OFF position or defective. 
when circuit breaker SW17 is closed. b. Outside safety switch in OFF position or defective. 
c. Circuit breaker SW17 or distribution panel wiring defective. 
d. Precision scanning motor defective. Throw antenna scan speed 
control switch SW1 to opposite position, other precision scan- 
ning motor should operate. 


157. STEP 12. Throw on channel A preheat switch. The green light indicates that the switch is on. Assum- 
ing channel A is to be put into operation, circuit breakers SW7 and SW5 should be turned 
on. They feed preheat power to the channel A preheat components in the transmitter and 
indicator racks, respectively. 

NORMAL INDICATIONS: 1. Green light above “A” PREHEAT switch glows when switch is in — 
ON position. 
2. With circuit breaker SW7 closed: 
a. Filaments light on both X- and S-band channel A receivers. . 
b. Both S and X meters in the control box register crystal current 
(0.6 ma) with the selector switches set at I XTAL “S” and I XTAL 
*X”, respectively. Current meter plug must be inserted in jack on 
both channel A preamplifiers. 
. Filaments light on channel A power supply PP-26 in bay 7. 
d. Channel A modulator filaments light. 
. Channel A S- and X-band magnetron blowers can be seen to operate 
in Radio Frequency Units RF-7 and RF-6, respectively. 
. With circuit breaker SW5 closed: 
. Channel A aural signal unit filaments go on. 
. Channel A synchronizer filaments light. 
. Filaments light on channel A 300-volt power supply PP-22, 500-volt 
power supply PP-24, and negative power supply PP-25. 
d. Filaments light on channel A azimuth and elevation sweep amplifiers. 
. Filaments light in channel A azimuth and elevations angle coupling 


units and in commutator unit. 





ABNORMAL INDICATIONS PROBABLE LOCATION OF FAULT 
1. Green indicator lamp does not glow when la. Channel A preheat switch or associated distribution panel wir- 
preheat switch is in ON position. ing defective. 


b. Pilot light LM1 defective. 
c. Pilot light transformer Tl] defective. 


2. No indications of power when circuit 2. Circuit breaker SW7 or associated wiring in distribution panel 
breaker SW7 is operated. defective. 

3. No indications of power when circuit 3. Circuit breaker SW5 or associated wiring in distribution panel 
breaker’SW5 is operated. defective. 

4. Filaments in S- or X-band receiver do 4a. Switch SW6 on front panel of faulty receiver in OFF position 
not light, no crystal current meter read- (neon indicator lamp NE2 will glow). 
ing, other indications normal. b. Fuse Fl on front panel of faulty receiver defective (neon indi- 


cator lamp NE] will glow). 


c. Interlock switch on faulty receiver open or defective. 
d. Regulator tube V21, V22, or V23 removed from its socket. 
5. No crystal current registered on S meter 5a. Crystal current metering plug out of JACK 1 on preamolifier 
with selector switch in I XTAL “S” posi- unit in RF-7 unit. 
tion, other indications normal. b. Refer to trouble shooting in the receiving system (par. 177) . 
6. No crystal current registered on X meter 6a. Crystal current metering plug out of JACK 1 on preamplifier 
with. selector switch in I XTAL “X” unit in RF-6 unit. 
position, other indications normal. b. Refer to trouble shooting in the receiving system (par. 208). 
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7. High-voltage power supply or modulator 


10. 


filaments do not light, all other indica- 
tions normal. 


. Channel A aural signal unit filaments do 


not light, other indications normal. 


. Channel A synchronizer or sweep. ampli- 


fier filaments do not light, other indica- 
tions normal. 

Channel A angle coupling unts or com- 
mutator unit filaments do not light, other 
indications normal. 


Trouble-shooting Procedures 


Ta. 
b. 


8a. 


10a. 
b 
c 


Pars. 157-158 


Defective wiring in transmitter rack. 

Power supply connector CS13 defective or modulator con- 
nector CS2 defective. 

Fuse Fl on front panel or aural signal unit defective (neon 
indicator lamp NE] will glow). 


b. Voltage regulator tubes V5 or V6 out of sockets. 
c. Transformer T2 defective. 

9a. 
b. Associated filament transformer defective. 


Connector strips to faulty component defective. 


Connector strip CS30 to angle eoupling unit defective. 


. Commutator unit connector PL] defective or out of socket. 
. Associated wiring in trailer defective. 


158. STEP 13. Close circuit breakers SW3 and SW1l. Throw the TRANSMIT switch to the A position. 
CAUTION: Before throwing the TRANSMIT switch, make sure both variacs in 


the transmitter control box are turned down. 


NORMAL INDICATIONS: 1. 


2. 
3. 


ABNORMAL INDICATIONS 


1. 


2. 


3. 


Red indicator lamp does not glow, no 
traces appear on any search or precision 
indicator tube. 

Red indicator lamp does not glow, other 
indications normal. — 

Channel A indicator lamp on transmit- 
ter control box does not glow. 


Red indicator lamp on distribution panel will glow when TRANSMIT 
switch is operated. 

Channel A indicator lamp on transmitter control box will glow. 
Rotating trace appears on both search indicators. Noise or grass can 
be observed on trace but no signal echoes will appear. 

. Trace appears on all four precision indicator tubes and sweeps across 
tube faces in synchronism with the precision antenna scan. Noise or 
grass can be observed on traces but no signal echoes will appear. 
. Neon indicator lamp on channel A Radio Frequency Unit RF-7 glows. 
. Neon indicator lamp on channel A Radio Frequency Unit RF-6 glows. 





PROBABLE LOCATION OF FAULT 


la. 
. Defective wiring in distribution panel. 


a ST 8 A, 


Defective TRANSMIT switch. 


. Indicator lamp LM2 defective. 
. Transformer T2 in distribution panel defective. 


Overload RELAY 5 in control box tripped. Reset by pressing 
RESET A switch below S-band meter. 


. Channel A indicator lamp LM1 defective (with selector switches 


in HV (S) and HV (X) positions, both S and X meters should 


indicate when channel A variac is turned slightly clockwise). 


. One or more of the following channel A interlock switches open 


or defective: 

(1) Modulator interlock. 

(2) Radio Frequency Unit RF-7 interlock. 

(3) Radio Frequency Unit RF-6 interlock. 

(4) High-voltage power supply PP-26 interlock. 


. Circuit breaker SW3 or associated wiring defective. 
. Time delay RELAY 5 in control box defective. 

. Overcurrent RELAY 3 in control box defective. 

. Plate contact RELAY 1 in control box defective. 

. Variac Tl in control box defective. 


Pare. 158 


4. No timebase on search or precision indi- 


10. 


ll. 


12. 


13. 


14. 


15. 


16. 


cator, focused spot on search indicators, 
defocused spot on precision indicators, 
other indications normal. | 


. Focused: spot but no timebase on all 


search and precision indicator tubes. 


. No timebase on either search indicator, 


precision indicator normal. 


. No timebase on one search indicator, 


other search indicator and precision indi- 
cators normal. 


. Distorted PPI display on both search 


indicators, precision indicators normal. 


. Distorted PPI display on‘one search indi- 


cator, other search indicator and preci- 
sion indicators normal. 


No noise or grass on either search indi- 


cator tube, precision indicator tubes nor- 
mal. 

Focused spot but no timebase on either 
precision indicator, search indicators nor- 
mal. 

No timebase or spot on precision indica- 
tors, search indicators normal. 
Defocused timebase on all precision indi- 
cator tubes, search indicator normal. 
Focused spot but no timebase on both 
tubes of one precision indicator. 


No timebase or spot on both tubes of 
one precision indicator, other precision 
indicator and search indicators normal. 


Focused spot but no timebase on one 
tube of either precision indicator, other 
precision indicator tubes and search in- 
dicators normal. 


— — - —— _— — 
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4a. Circuit breaker SW1 or associated wiring defective. 

b. Interlock switch on 500-volt power supply PP-24 open or 
defective. 

c. Fuse Fl on PP-24 defective (neon indicator lamp NE] will 
glow). 

d. 300-volt power supply PP-22 defective. Refer to trouble shoot- 
ing the power supplies (par. 242). 

Sa. No 300-volt d-c input at terminal 6-3 in the synchronizer. 

b. Fuse Fl on —102-volt power supply PP-25 defective (neon indi- 
cator lamp NE1 will glow). 

c. Synchronizer defective, no negative trigger pulse at terminal 
7-4. Refer to trouble shooting in the synchronizer (par. 212). 

6a. No negative trigger pulse at either search central. 

b. Sine potentiometer power supply PP-27 defective. Switch to 
other PP-27 at SINE POT POWER SUPPLY switch on inter- 
communications panel. 

c. Sine potentiometer defective. Refer to trouble shooting in the 
search indicating system (par. 187). 

7a. No negative trigger pulse at terminal 23-4 of the associated 
search central. 

b. Associated search central defective, refer to trouble shooting 
in the search indicating system (par. 187). 

c. Sine potentiometer connection at associated search central term- 
inal strip 24 defective. 

8. Sine potentiometer or connections defective (par. 187). 


Qe. Associated search central defective (par. 187). 
b. Defective deflection coil in search indicator. 


10. S-band receiver defective or misaligned, check receiver noise 
level on synchroscope. 


11. 300-volt power supply PP-24 defective (par. 242). 


12a. Lamp LM1 in commutator unit defective. 
6. Commutator unit or wiring to synchronizer defective. 


13. RELAY 1 on azimuth indicator defective. 


- No 300-volt dc at terminal 10-5 on associated sweep amplifier. 
- No 500-volt dc at terminal 11-8 on associated sweep amplifier. 
No trigger pulse at terminal 10-4 on associated sweep amplifier. 
Associated sweep amplifier defective (par. 223). 

Defective photoelectric cell in commutator unit. 

Defective connection to synchronizer. 

Blanking circuit in synchronizer defective (par. 212). 

. Blanker blades on switching unit not rotating. 

Associated sweep amplifier channel defective (par. 223). 
Faulty connections to indicator tube. 
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17. 


18. 


19. 


21. 


22. 


Timebase present but no scanning action 
on both scopes of one precision indicator, 


other precision and search indicators 


normal. 

Timebase present but no scanning action 
on one scope of one precision indicator, 
other indicator normal. 

Distorted display on all precision indi- 
cator tubes (range marks not properly 
spaced, etc.), search indicators normal. 


. Distorted display on both tubes of one 


precision indicator (sweep too short, 
range marker lines distorted, etc.) , other 
indicators normal. 

Distorted display on one tube of one 
precision indicator (sweep too short or 
bowed, etc.) other indicator tubes nor- 
mal. 

No noise or grass on precision indicator 
tubes, search indicator normal. 


— 1. —_— 


Treuble-shoeting Precedures 


17a. Associated angle coupling unit defective (par. 235). 
b. Associated antenna scanning mechanism defective (par. 200). 


c. Defective connection at terminal 10-3 of associated sweep 


amplifier. 


18a. Associated sweep amplifier defective (par. 223). 


b. Defective deflection coil in faulty precision indicator (par. 224). 


19a. Synchronizer defective (par. 212). 
. Synchronizer power supply voltage low. 
(1) +300 volts at terminal 9-8. 
(2) +500 volts at terminal 1-8. 
(3) -210 volts at terminal 2-7. 
(4) -102 volts at terminal 2-8. 
. Associated angle coupling unit defective (par. 235). 
b. Synchronizer defective (par. 212). 


(par. 223). 
b. Precision indicator defective (par. 224). 


c. Associated switching tube in synchronizer defective (par. 212). 
X-band defective or misaligned, check receiver noise level on 


synchroscope. 


159. STEP 14. Channel B preheat circuit breakers SW8 and SW6 should be turned on so that this channel 
can stabilize and be ready for operation. 
CAUTION: At least 15 minutes should be allowed after preheat power is turned 
on before the equipment is operated. This is to allow the units to become fairly 


stable. 


If a change is to be made from channel A to channel B, the B circuit breakers SW4 and 
SW2 should be turned on and the A-B TRANSMIT switch moved to the B position. Circuit 
breakers SW4 and SW2 can be thrown to the ON position at any time prior to throwing 
the TRANSMIT switch to the B position. 


NORMAL INDICATIONS: 1. 


2. 


Green light above “B” PREHEAT switch glows when switch is in’ 
ON position. 
With circuit breaker SW8 closed, normal indications for channel B 
components are the same as for circuit breaker SW7 in STEP 12 
(par. 157). 


. With circuit breaker SW6 closed, normal indications’ for channel B 


components are the same for circuit breaker SW5 in STEP 12 (par. 
157). 


. With circuit breakers SW4 and SW2 closed and with the TRANSMIT 


ABNORMAL INDICATIONS 


1. Abnormal indications for channel B com- 


ponents with circuit breakers SW8 and 
SW6 closed are the same as for channel A 
components in STEP 12 (par. 157). 


switch in the B position, normal indications are the same as in STEP 
13 (par. 158). 





PROBABLE LOCATION OF FAULT 
1. Same as STEP 12 (par. 157). 
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. Corresponding channel of associated sweep amplifier defective 
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2. Abnormal indications with circuit breaker 2. Same as STEP 13 (par. 158). 
SW4 and SW2 closed are the same as in 
STEP 13 (par. 158). 


160. STEP 15. Turn up the transmitter high voltage by means of the channel A or B variac (behind the 
drop door of the transmitter control box) depending upon which channel has been selected. 


Raise the transmitter voltage slowly until the proper operating value has been reached 
(14kv for S-band and 12kv for X-band). 


NORMAL INDICATIONS: 1. S-band meter on control box should read 18 to 22ma with selector 
switch in I MAG “S” position, and should read 14kv with selector 


switch in H.V. “S” position. 

. X-band meter on control box should read 12 to 16ma with selector 
switch in I MAG “X” position, and should read 12kv with selector 
switch in H.V. “X”’ position. 

. Main transmitted pulse and normal target echoes (if any) will appear 
on all indicator tubes. 





ABNORMAL INDICATIONS PROBABLE LOCATION OF FAULT 
1. No voltage or current readings on either la. Sliding contact on variac T1 defective. 
S or X meters with selector switches in b. Wiring to high-voltage power supply PP-26 defective. Voltage 
normal positions. reading at terminal 6 on connector CS13 (PP-26) should be 


117 volts with variac fully clockwise. 
c. Rectifier Power Unit PP-26 defective. 





2. No S- or X-meter readings with selector 2a. No trigger pulse at terminal 1 on connector CS] of the modu- 
switches in I MAG “S” and I MAG “X” lator. 
positions, meter readings in H.V. “S” and b, Modulator blocking oscillator circuit defective. 
H.V. “X” positions normal. 
3. Abnormal S-meter readings: 3a. Defective variac T] in control box, voltage readings at terminal 
I RECTIFIER ........... low 6 on connector CS13 (PP-26) should be 117 volts with variac 
FENG O° Sabsekausedes low fully clockwise. 
I MAG “S” ............. low b. Power Rectifier Unit PP-26 defective (par. 244). 
Abnormal X-meter readings: 
FN OX cGdew area, low 
I MAG “X” ............ low 
4. Abnormal S-meter readings: 4. Modulator defective (par. 166). 
I RECTIFIER .......... high 
FNS toh daenia anes low 
1 MAGS” noice Sonus low 
Abnormal X-meter readings: 
WV ON eta eek eetes low 
I MAG “X” ..... Mygnaees low | 
5. Abnormal S-meter readings: 5a. Defective S-band magnetron in RF-7 unit. 
I RECTIFIER .......... high b. Radio Frequency Unit RF-7 defective (par. 167). 
HVS” cccicettn aha date :low : 
L MAG OS see sincdoets high 
Abnormal X-meter readings: 
FEV OA goer sac aat low 
I MAG “X” ............ low 
6. Abnormal S-meter readings: 6a. Defective X-band magnetron in RF-6 unit. 
I RECTIFIER .......... high b. Radio Frequency Unit RF-6 defective (par. 195). 
PV “Ss 225 etet ei aens low 
L MAGS” ons ctivectnGess low 
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Abnormal X-meter readings: 


Trouble-shooting Procedures 


Pars. 160-161 


Voltage dropping network in PP-26 defective (par. 244). 


. T-R switch in RF-7 unit mistuned (par. 173). 
. Preamplifier in RF-7 unit defective or mistuned (pars. 177 and 


184). 


. S-band receiver defective or mistuned (pars. 178 and 184). 


d. S-band r-f system defective (par. 172). 


. S-band r-f channel switch not properly aligned with transmis- 


sion line. 


. R-T or T-R switches in RF-6 unit mistuned (par. 204). 
. Preamplifier in RF-6 unit defective or mistuned (pars. 184 


and 208). 


. X-band receiver defective or mistuned (pars. 178 and 184). 


. Video stages in synchronizer défective (par. 212). 


. X-band r-f system defective (par. 199). 


WV OA. Aeeceekedaass low 
I MAG “XX” 2266 soseee high 
7. Abnormal S- snietar readings: 7. 
I RECTIFIER ........... low 
HV eectounenes normal 
I MAG “S” .......... normal 
Abnormal X-meter readings: 
MVR” wens acts high or low 
I MAG “X” ...... high or low 
8. No signal echoes or weak signal echoes 8a 
on both search indicators. b 
c 
e 
9. No signal echoes or weak signal echoes 9a 
on precision indicator tubes. Search sys- b 
tem and transmitter meter readings nor- 
mal. 
10. No signal echoes or weak signal echoes ] 


on one search indicator, other search in- 

dicator and precision indicators normal. 
11. No signal echoes or weak signal echoes 11. 

on both tubes of one precision indicator. 

Other precision indicator and search in- 

dicator normal. 


161. ALIGNMENT AND TUNE-UP PROCEDURE 
OUTLINE. 

a. Search System. The following outline gives a 
complete list of the major steps necessary for tuning and 
aligning the search system for Radio Set AN/MPN-1. 
Detailed instructions for the procedure in performing 
each step are given in chapter 7 under the section cover- 
ing trouble shooting for the particular component under 
consideration. For example, the first step is adjusting the 
regulated power supply of the radar receiver. The instruc- 
tion procedure for these adjustments are given in para- 
graph 179 and are indicated under the column headed 
REFERENCES in the outline below. Because the search 
system is triggered from the synchronizer in the precision 
system it is not possible to independently adjust the pulse 
recurrence frequency of the system. Thus, the prf adjust- 
ment is not considered as a factor in the adjustment of 


OPERATION 


1. Adjustment of radar receiver regulated power supply. 


2. Tuning the local oscillator. 


. Clamping diode V1 on the search indicator defective (par. 187). 


c 
d 
e 
f. RELAY 1 on the elevation indicator defective. 
Oa 
b. Associated search indicator defective (par. 187). 


Defective precision indicator (par. 224). 


the search system, but should nevertheless be considered 
in the over-all operation of the radio set. Instructions for 
this adjustment are given in paragraph 214, The magne- 
tron used in channel A and channel B of the search system 
should be so chosen that their frequencies are very nearly 
equal. Otherwise, trouble will result when switching from 
one channel to another. Further details on this subject 
are given in paragraph 168. The S-shaped section of wave- 
guide which rotates to connect either the channel A or the 
channel B magnetron to the r-f system must stop directly 
over the magnetron output conection in use. Failure to 
do so is a mechanical fault and not an alignment adjust- 
ment. However, the r-f channel switch should be checked 
before alignment for tuning is attempted. See paragraph 
173 for further details on the r-f channel switching 
mechanism. 


REFERENCES 
1. Paragraph 179. 


2. Paragraph 180. 
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SS 


10. 


b. Precision System. In order to have the precision 
system operate with maximum efficiency and to obtain the 
highest possible accuracy, a number of alignments and 
adjustments are necessary. A complete list of the major 
steps necessary for proper operation of the precision sys- 


wo — 


21. 
22. 
23. 
24. 
25. 


27. 
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OPERATION 
Tuning the AFC circuit. 
Tuning the T-R box. 
Adjustment of the STC circuit. 
I-f alignment. ' 
Adjustment of the search indicating system. 


Adjustment of Rectifier Power Unit PP-27/MPN-1. 


Synchronizing of the search system. 
Adjustment of the search antenna tilt. 


OPERATION. 


. Adjustment of output voltage of all regulated power supplies. 
. Adjustment of pulse recurrence frequency to 2,000 cps. 
. Adjustment of transmitter HVPS output for proper precision 


magnetron current. 


. Alignment of antenna switching blades in r-f system. 
. Adjustment of variable waveguide width for proper angle of 


antenna scan as determined by magnetron frequency. 

Phasing at precision scanners. 

Tuning of T-R cavity for maximum sensitivity. 

Tuning of R-T cavity for maximum sensitivity. 

Adjustment of local oscillator frequency (cavity), AFC tuning 
(repeller voltage), and oscillator coupling (crystal current). 
I-f system tuning. 

Adjustment of STC circuit. 

Video gain control adjustment (receiver). 

Video gain control adjustment (synchronizer). 

Alignment of angle coupling unit.outputs with antenna beam 
angles. 


. Adjustment of indicator blanking blades on commutator units. 
. Adjustment of indicator blanking control and gain commutation. 
. Indicator mirror alignment. 

.. Alignment of indicator sweeps with phenolic mape. 

. Adjystment of 2-volt sweeps on indicator tubes, and rotation of 


tubes for proper orientation of displays. 


. Alignment of indicator displays on phenolic maps by means of 


radar signals. 

Alignment of tracking cursors with glidepath. 

Alignment of error meters with glidepath. 

Calibration of range marker timing oscillator. 

Adjustment of negative trigger delay. 

Adjustment of count-down blocked oscillator producing 10,000- 
foot range markers. 


. Alignment of servo cursors in antenna follower system. 


Adjustment of aural signal unit. 


ee eS 


& 


9. TM11-1343, paragraph 62. 
10. 


REFERENCES 
1. Paragraph 241. 
2. Paragraph 214. 
3. Paragraph 192. 
4. Paragraph 201. 
5. Paragraph 200. 
6. Paragraph 202. 
7. Paragraph 204. 
8. Paragraph 204. 
9. Paragraph 209. 
10. Paragraph 184. 
11. Paragraph 182. 
12. Paragraph 184. 
13. Paragraph 218. 
14. Paragraph 236. 
15. Paragraph 201. 
16. Paragraph 217. 
17. Paragraph 230. 
18. 
19. TM11-1343, addendum I. 
20. 
21. 
22. Paragraph 232. 
23. Paragraph 216. 
24. Paragraph 216. 
25. Paragraph 215. 
26 
paragraph 68. 
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Paragraph 181. 
Paragraph 173. 


Paragraph 182. 
Paragraph 184. 


Paragraph 188; TM11-1343, 


paragraph 61. 
Paragraph 241. 


Paragraph 173. 


TM11-1343, paragraph 63. 
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tem is given below. While a number of these steps are 
entirely independent and may be performed at any time, 
certain other steps must be performed in a definite order 
to prevent one adjustment from destroying a previously 
made adjustment. 


TM11-1343, paragraphs 64 and 66. 


TM11-1343, paragraphs 65 and 67. 


. Paragraph 236; TM11-1343, 


. TM11-1343, paragraph 69. 
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Pers. 162-1638 


CHAPTER 7 


TROUBLE SHOOTING IN THE SEARCH SYSTEM 


SECTION I 
TRANSMITTING SYSTEM 


WARNING: Voltages sufficient to cause death on contact are exposed at 
many points in Rectifier Power Unit PP-26/MPN-1, Modulator MD-11/- 
MPN-1, and Radio Frequency Unit RF-7/MPN-1. Do not place hands or 
arms within these units with the high voltage on. Do not make any con- 


nections into these circuits which bring high voltages out to exposed points. 
Make all tests with high voltages off. Always ground high-voltage capacitors 
before touching them or their associated equipment. 





162. REFERENCE DATA. 
a. Modulator MD-11/MPN-1. 
(1) Figure 324. Front view. 
(2) Figure 325. Right oblique view. 
(3) Figure 326. Rear view. 
(4) Figure 327. Subchassis, bottom view. 
(5S) Figure 25. Schematic diagram. 
(6) Figure 328. Waveforms. 
(7) Figure 329. Voltage and resistance chart. 
b. Radio Frequency Unit RF-7/MPN-1. 
(1) Figure 330: Front view. 
(2) Figure 331. Right oblique view. 
(3) Figure 332. Rear oblique view. 
(4) Figure 28. Schematic diagram. 
ec. General. 


(1) Figure 217. Rectifier Power Unit PP-26/MPN.1. 


(transmitter HVPS), schematic diagram. 

(2) Figure 85. Intercommunications Panel 
SB-2/MPN-1, radar control circuit. 

(3) Figure 214. Control Box C-61-MPN-1, schematic 
diagram. 

(4) Figure 253. Capacitor color code. 

(S) Figure 254. Resistor color code. 

(6) Figure 255. Tube base chart. 


163. SPECIAL INFORMATION. 


a. Overload Relay Adjustment. Two overload re- 
lays are located in Control Box C-61 and are in the ground 
return side of the high-voltage power supply. Overload 
relay RY3 is in the channel A circuit and relay RY4 is in 
the channel B circuit (fig. 214). They are set to trip when 
the high-voltage Rectifier Power Unit PP-26 furnishes a 


current greater than 60 milliamperes. When the overload 
relay trips, it breaks the circuit to the plate contactor 
relays RY1 or RY2 also located in Control Box C-61 and 
they, in turn, open the primary circuit to the high-voltage 
power supply. When the overload relay trips, it can be 
reset by pushing the RESET button on the front of the 
Control Box C-6] panel. They can also be reset by reach- 
ing inside the control box panel door and pushing the 
mechanical reset button which extends through the glass 
cover incasing the overload relay. All power should be 
shut off from the transmitter rack before attempting to 
reach inside the control box. Should the overload relay 
frequently trip at a current value of less than 60 ma, the 
relay should be adjusted by setting the pointer on the 
relay so that it trips at 60 ma. The current can be read 
on the S-band meter in Control Box C-61 with the selector 
switch set to position I RECTIFIER X 100. Detailed 
instructions for the adjustment of this relay are given in 
paragraph 94. : 


b. Test Points. Only three test points in each chan- 
nel are provided in the search transmitfing system, all of 
which are located on the modulator unit. Two coaxial 
connections are located on the front panel of the modu- . 
lator and serve as monitoring test points for the high- 
voltage output pulse to the S and X magnetrons. The 
modulator output waveforms may be monitored by con- 
necting either the S- and X-test point to the SIG IN 
connection on the synchroscope in the transmitter rack. 
The third test point is an insulated bushing located on the 
modulator subchassis. It is accessible by opening the 
modulator front panel door and is behind and slightly to 
the left of driver tube V1. This test point provides a 
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means of monitoring the positive trigger pulse which 
starts the modulator action. 


ec. Metering Circuits. Two meters are provided in 
Control Box C-61 (fig. 323) for measuring critical voltage 
and current values of both the S and X systems. They 
can be switched to either the channel A or the channel B 
circuit by means of a switch on the front panel. 
(1) S-BAND METER. The S-band meter will read the 
following voltages and currents that are pertinent to the 
search transmitting system: 

(a) High-voltage power supply output voltage with the 
selector switch in position H.V. “S” X 20K. 

(b) High-voltage power supply current with the selec- 
"tor switch in position I RECTIFIER X 100. | 

(c) The S-band magnetron current with the selector 
switch in position I MAG “S” X40. 

(d) Grid current of modulator switch tube V4 with a 
selector switch .in position I GRID Sl. 

(e) Grid current of modulator switch tube V5 with a 
selector switch in position I GRID S2. 
(2) X-BAND METER. Because the same modulator is 
used for both the search and precision systems and trouble 
shooting for the modulator unit is covered only under the 
search system, the following readings on the X meter will 
alsa be needed in isolating modulator faults: 
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(a) High-voltage output to the modulator X-band 
switch tubes read with the selector switch im position 
H.V. “X” X 20K. 

(6) The grid current of modulator tube V6 read with 
the selector switch in position I GRID X1. 


(c) The grid current of modulator switch tube V7 read 
with the selector switch in position I GRID X2. 

(d) The X-band magnetron current with the selector 
switch in position I MAG “X” X40. ; 
(3) METER READINGS. These meter readings give a 
quick check on the operation of the transmitting system. 
In general, abnormal meter readings are an indication of 
trouble in the transmitting system and are used as symp- 
toms in isolating trouble to a particular component. ‘They 
are used not only in the stop-start trouble-shooting chart 
(ch. 6, sec. 3), but also in the detailed trouble-shooting 
charts that follow on the transmitting system. 


164. PROCEDURE. 


a. Use of Trouble-shooting Charts. The start pro- 
cedure on the trouble-shooting chart in chapter 6, section 
III, is used to isolate transmitting system faults to either 
the search or the precision transmitting system and to 
individual components if possible. Because a common 
modulator and a high-voltage power supply are used in 


CHANNEL SELECTOR 


"S" BAND SELECTOR SWITCH 
“S"BAND METER 
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RESET 
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"x" BAND METER 
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ky TL 35879 
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Figure 323. Control Box C-61/MPN-1. 
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both the search and precision system, it is often dificult to 
completely isolate a fault by use of the start procedure 
trouble-shooting chart alone. Therefore an additional 
chart has been included in the transmitter trouble-shooting 
section for the isolation of a fault to a particular compo- 
nent. The following discussion indicates the manner in 
which the trouble-shooting charts should be used. 

(1) When a fault is detected,. first refer to the starting 
procedure trouble-shooting chart, chapter 6, section III. 
The procedure given in this chart will in many cases 
isolate a fault to a particular component in which the 
trouble lies. In the search transmitting system, this will 
be either the high-voltage Rectifier Power Unit PP-26, 
Modulator Unit MD-11, or Radio Frequency Unit RF-7. 
In other cases, it will not be possible to isolate the fault 
directly to a component but merely to the transmitting 
system. When this occurs, refer to the transmitting system 
trouble-shooting chart for isolating the fault to a particu- 
lar component within that system. This chart is given in 
paragraph 165. 

(2) Additional tests are made in the transmitting system 
trouble-shooting procedure to insure that the fault actu- 
ally is in the transmitting system. The step-by-step pro- 
cedure systematically isolates the fault to a particular 
component. In most cases additional checks will have to 
be made, such as monitoring the modulator high-voltage 
output pulses, checking the power output of the transmit- 
ting system, and taking additional voltage, current, or 
resistance readings not practical in the start trouble-shoot- 
ing procedure. 

(3) The second and third trouble-shooting charts in- 
cluded in the search transmitting system are for Modulator 
Unit MD-11 (par. 166) and for the magnetron oscillator 
of the Radio Frequency Unit RF-7 (par. 167). The high- 
voltage Rectifier Power Unit PP-26 is covered in chapter 
9, together with the other power supplies. If the fault is 
definitely isolated in the start trouble-shooting procedure, 
it is not necessary to refer to the transmitting system 
trouble-shooting chart. Merely refer directly to the chart 
for the defective component.. If it is necessary to use the 
transmitting system trouble-shooting chart to isolate a 
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fault, reference is made to the component trouble-shooting 
chart as soon as the fault has been traced directly to that 
component. 


b. Test Equipment. The use of test equipment is 
fully discussed in chapter 6. Before using any test equip- 
ment for trouble shooting, become thoroughly familiar 
with its operation and capabilities. In addition to Test 
Synchroscope TS-64/MPN-1, the following test equip- 
ment will be required: 


(1) Weston analyzer model 772, including 4-kv multi- 
plier. 


(2) Power Monitor TS-125/AP. 
(3) Dumount test oscilloscope. 


(4) Voltage Divider TS-222/MPN-1. 


c. Use of Supplementary Data. Several views of 
each search transmitting system component are included as 
supplementary data for trouble shooting. All visible parts 
and circuit elements are called out on each picture. The 
picture showing the bottom view of the modulator sub- 
chassis and resistor mounting board will be useful in 
saving time when trying to locate a particular circuit 
element. Figure 328 shows all the critical waveforms of 
the transmitting system. While the waveforms will differ 
slightly with each individual Radio Set AN/MPN-1, their 
forms in general will be very much like the typical wave- 
forms shown. In each case the setting of the test synchro- 
scope or oscillos¢ope controls is given. In dealing with 
pulses, the only satisfactory method of checking a stage 
or component is by viewing the waveforms and this pro- 
cedure should be used whenever possible. Because of the 
extremely high voltages used in the transmitting system, 
it is dangerous to check the tube socket voltages in the 
transmitting system with the exception of the driver stage 
V1 in the modulator unit. These voltages are given. When 
a modulator fault has been isolated to a defective stage 


-by the use of the component trouble-shooting chart, the 


fault can be further isolated by checking the resistance 
reading as given on the tube socket resistance chart. All 
transmitter rack power must be off before taking resis- 
tance readings. 


165. TROUBLE-SHOOTING CHART FOR TRANSMITTING SYSTEM (Isolation of faults to components). 


1. No main pulse or signal echoes on the test synchroscope for both the search and 


the precision systems. 


2. The high-voltage rectifier output voltage and current zero, or low, for both the 
X and the S system on the meter in Control Box C-61. 
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PROBABLE LOCATION OF FAULT PROCEDURE 
1. Input circuit to high-voltage Rectifier la. Measure voltage (117 volts ac) between terminals 1 and 6 of 
Power Unit PP-26 defective. connector CS13 on PP-26. 
b. Check continuity of interlock in modulator, RF-7, RF-6, and 
PP-26. 


c. Measure the supply voltage at variac terminals and trace circuit 
back until fault is determined. 


2. High-voltage Rectifier Power Unit PP-26. 2. Refer to paragraph 244 for trouble shooting in the high-voltage 
power supply. 


B. SYMPTOMS: 


. No main pulse or signal on the test synchroscope for both the search and precision 
systems. 


. Normal noise and grass appears on the synchroscope for both systems. 
. High-voltage output is normal as read on the S and X meters. 
. Magnetron current low on both S and X meters. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Modulator. 1. Check the modulator output waveforms with the synchroscope at 
the pulse test monitoring points (fig. 16) on the front panel of 
the modulator unit. The output waveforms for both the S and X 
system should appear as shown in figure 328. When output wave- 
forms are not present at the test points, the trouble is in the 
modulator unit. See modulator trouble-shooting chart (par. 166) 
for isolation of the fault to a circuit element. 


Cc. SYMPTOMS: | 
1. No main pulse or signals on the search indicators. 


2. Normal main pulse and signals on the precision indicators. 
3. S-band magnetron current zero or low (I MAG “S”). 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Modulator. la. Check the modulator output waveform (fig. 328) with the syn- 
chroscope on the S-pulse test monitoring point. 


b. If the pulse is distorted, or does not appear, turn off the power 
from the transmitter rack and remove the plug from jack JK4 
in the modulator unit. This is the line that connects the high- 
voltage output pulse to the magnetron. Turn the power on and 
again check the S-pulse waveform with the synchroscope. If the 
pulse is normal see item 2 below. 


c. If the pulse is still absent or distorted, refer to the modulator 
trouble-shooting chart (par. 166). 


2. Radio Frequency Unit RF-7. 2. If the pulse waveshape is normal when the magnetron is discon- 
nected, the trouble is in the RF-7 transmitter unit (par. 167). 
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D. SYMPTOMS: 


1. Weak, unsteady, or abnormal signals on the search system indicators and test 


synchroscope. 
2. Overload relay may or may not kick out repeatedly. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. Search transmitting system. la. Check the high-voltage power supply meter reading (H.V. “S’’). 
If it is low, or unsteady, refer to Rectifier Power Unit PP-26 
(par. 244). | 


b. Check the waveform on the S-pulse test monitoring point (fig. 
328). If the output pulse waveform is not normal, refer to the 
Modulator MD-11 trouble-shooting chart (par. 166). 

c. Check magnetron current (I MAG “S”). If it is abnormal, refer 
to the transmitting magnetron trouble-shooting chart (par. 167). 

d. Measure the power output of the search system at the S-band wave 
selector connection (par. 138). Low output indicates trouble in 
the magnetron oscillator. 

2. Search r-f system. 2. Measure the r-f power output from the search system by setting 
up the dipole antenna and using Power Monitor TS-125/AP as 
described in paragraph 138. Low r-f power output from the 
antenna with normal power output at the S-band wave selector 
connection indicates trouble in the search r-f and antenna system. 
Refer to the r-f system trouble-shooting chart (par. 172). 


3. Search receiving system. 3. Ifthe power output from the search antenna is normal, check the 
search receiving system (pars. 177 and 178). 
4. Interference. 4. Check for other radar equipment operatirig near the same fre- 


quency and in the vicinity of Radio Set AN/MPN-1. 


E. SYMPTOMS: 


1. Grid current meter reading zero for either V4 or V5 in the modulator unit. 


2. Search and precision system operating normally. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Grid current metering circuit. la. Check for open resistor, inductance, or broken connection in the 
modulator grid metering circuit. 
b. Check the meter circuit in Control Box C-61. 


F. SYMPTOMS: 
1. Magnetron current low (I MAG “S”). 


2. High-voltage readings normal. 
3. Weak echoes on both search and precision indicators. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. High-voltage metering circuit. 1. The high-voltage meter reading is incorrect. Check resistor R23 
in Rectifier Power Unit PP-26. This resistor should have a value 
of 20 megohms with a tolerance of +10 percent. 
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166. TROUBLE-SHOOTING CHART FOR MODULATOR. 


A. SYMPTOMS: 


1. No output pulse on either the S- or the X-pulse test monitoring point. 


2. Driver tube V1 in the modulator running at a normal temperature. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. No trigger pulse to the modulator. la. Turn the TRIG. SEL switch on the intercommunications panel 
to the No. 1 or No. 2 search central. If the fault is cleared, the 
pulse from the synchronizer unit is not coming through to the 
modulator. Refer to section IV of chapter 8 for the trouble-shoot- 
ing procedure. 

b. If the fault is still present see item 2 below. 


2. Relay RY1 on intercommunications panel 2. Check the operation and the contacts of relay RY1. This relay 
not functioning. switches the trigger pulse voltages to the modulator unit and 
should operate when the transmit switch is thrown to channel B. 


3. Transformer T1 defective. 3a. Using the test synchroscope, check the trigger pulse waveform 
| at test point TP] in the modulator. The variac high-voltage con- 
trol should be turned down. 

b. If the trigger pulse is present at TP1 proceed to item 4. 

c. If the trigger pulse does not appear on TP1, check for its presence 
on terminal 1 of connector strip CS1. If the normal trigger pulse 
of about 50 volts amplitude appears at this terminal, transformer 
T1 is opened or defective. 

4. Delay line network opened. 4. Check the waveform on the grid of V1 with a test synchroscope 
(fig. 328). If the trigger pulse does not lift the grid bias, replace 
_ the delay line network. | 


5. Modulator internal power supply. oa. Check primary input power (117 volts ac) on terminals 1 and 2 
and | and 3 of connector strip CS1. If the primary power is not 
correct, check the interlock system and the power distribution 
wiring system. 

b. Check the output of the modulator power supply. There should be 
approximately +-1,200 volts dc on terminal 1 of connector strip 
CS4 and —750 volte dc on terminal 3 of connector strip CS4. 

c. If the power supply is not working, replace the rectifier tubes 
V2 and V3. If this does not clear the fault, check capacitors C5 
and C6. 


6. Primary of pulse transformer T2 is opened. 6. Check continuity between terminals 1 and 2 of pulse transformer 
F2, with all power off the transmitter rack. 


B. SYMPTOMS: 


1. No output pulse on either the S- or X-pulse monitoring test point. 


2. The plate of driver tube V1 running hot. 





PROBABLE LOCATION OF FAULT PROCEDURE . 

1. Delay line network shorted. 1. Check the grid to ground resistance of tube V1 (fig. 329). 
2. Capacitor C8 shorted. 2. Check capacitor C8 for a d-c short. | 
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3. Incorrect grid bias on tube V1. 3a. Check grid bias voltage on pins 2 and 6 of V1. See tube socket 
voltage diagram (fig. 329). : 


b. If the grid bias voltage is incorrect, check resistor R5 and resistor 
network R17 through R20. 


C. SYMPTOMS: 


1. No output pulse on either S- or X-test pulse monitoring point. 


2. Driver tube V1 operating at a normal temperature. 
3. Plates of modulator switch tubes operating very hot. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Relay RY1 not operating. la. Check contacts on relay RY1. 
b. Check relay windings for an open circuit. 


D. SYMPTOMS: 
1. No output pulse on either the S or X system. 
2. Plates of driver tube V1 and modulator switch tubes operating very hot. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Negative 750-volt power supply. la. Check the voltage on terminal 3 of connector strip CS4. It should 
be —750 volts. 


b. If the output is zero or low, replace rectifier tube V3. 
c. Check filter capacitor C6. 
2. Driver tube V1 gassy. 2. Replace the 3E29 driver tube. 


E. SYMPTOMS: 
. Poor output pulse shape. 
. One or more modulator switch tubes has a blue glow. 


. Switch tube shows negative grid current. 
. Magnetron currents may be low (I “S” MAG or I “X” MAG). 





PROBABLE LOCATION OF FAULT -.PROCEDURE 
1. One or more switch tube soft or gassy. 1. Replace any switch tubes showing the above symptoms when pulse 
shape is affected. 


F. SYMPTOM: 


1. Main pulse and signals doubled for both the search and precision indicators. 


PROBABLE LOCATION OF FAULT PROCEDURE 


1. Inductance L6. 1. Check continuity of inductance L6. With inductance L6 open, 
the pulse from the plate of the driver tube is not damped, and the 
switch tubes are triggered twice. 
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G. SYMPTOMS: 


1. Pulse width greater than 14 microsecond. 


2. Magnetron currents low (I “S” MAG and I “X” MAG). 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. Delay line network. 1. Replace defective delay line network. 

2. Pulse transformer T2 defective. 2. Replace pulse transformer T2. 

3. Incorrect grid bias. 3. Check the grid bias voltage of driver tube V1 and the modulater 
switch tubes. 


H. SYMPTOM: 


1. Low or irregular modulator output pulse. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Modulator switch tubes. 1. One or more of the modulator switch tubes has reduced emission 
or is mechanically unstable. Replace defective tubes. 
2. Driver stage defective. 2a. Replace the 3E29 driver tube. 
b. Check the driver stage for defective circuit element. 
3. Trigger circuit. 3a. Check the trigger pulse waveform at test point TP] in the moda- 
lator. : 


b. Trigger pulse from the synchronizer too low in amplitude. k 
should be about 50 volts. If it is incorrect, see section 4 of 
chapter 8. 

c. Trigger pulse step-up transformer defective. If the input trigger 
to the transformer is of the correct amplitude, while the output on 
test point TP] is low, replace the pulse step-up transformer. 

4. Defective high-voltage charging capacitor. 4. Check capacitors C17 for the S system and C18 for the X system. 
If they show signs of defects, replace the capacitors. 


I. SYMPTOM: 


1. Modulator tubes arc 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. Plate voltage supply too high. 1. Check variac setting and the meter voltage reading from Rectifier 
Power Unit PP-26. . 

2. Dirty, moist, or defective installation. 2. Clean all dirt or moisture from high-voltage insulators. Any 
defective insulators should be replaced. 

3. No trigger voltage. 3. Oscillator is self-triggering. Check the input trigger voltage and 
the driver stage. 


167. TROUBLE-SHOOTING CHART FOR TRANSMITTING MAGNETRON. 


A. SYMPTOMS: 
1. Magnetron current zero (I MAG “S”). 


2. Output pulse from the modulator unit normal. 
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PROBABLE LOCATION OF FAULT PROCEDURE 

1. Magnetron filament open. 1, Turn off all high voltage from the transmitter rack. Remove the 
banana plug filament connection from the magnetron. filament 
continuity with the ohmeter. Replace the magnetron tube if the 
filament circuit is opened. The search system must be relined 
when the magnetron tube is replaced. 

2. Magnetron filament transformer, T1 or T2. 2a. Turn off all high voltage from the transmitter rack (filament cir- 
cuits energized) and measure the filament voltage at the magne- 
tron terminals. 

b. If filament voltage is low or zero, measure voltage on primary of 
filament transformer. Replace transformer if defective. 


B. SYMPTOMS: 


1. Low or unsteady output from the transmitter magnetron. 


2. Output pulse from the modulator unit normal. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Defective magnetron tube. 1. Magnetron arcing over internally. Replace the magnetron and 
reline the search system. See paragraph 168 for “aging” a new 
magnetron. 


1. High magnetron current (I MAG “S”). 


2. Output pulse from the modulator normal. 
3. Overload relay may operate repeatedly. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. Variac high-voltage control set too high. 1. Adjust the variac to the proper high-voltage settings as indicated 
on the meter. — 

2. Magnetron filament voltage high. 2a. Check the magnetron filament voltage (6.3 volts ac) with the 


high-voltage power off from the transmitter rack. 
b. If the filament voltage is high, check with the primary input to 
the magnetron filament transformer Tl or T2 (117 volts ac). 
c. If the primary input voltage is high, check that the regulators on 
Power Units PE-127A (or the commercial power supply regu- 
lator) are regulating. 

3. Low permanent magnet field strength. 3. Test the magnet field strength with Flux Meter TS-15/AP. See 
paragraph 141 for procedure. The magnetic field strength should 
be between 1,250 and 1,325 gauss. Replace the magnet if the field 
strength is low. 

4. Magnetron tubes defective. 4. The magnetron may be gassy or defective. Replace the magnetron 
tube. The search system should be relined when the new magne- 
tron is installed. 

5. PRF is too high. 5a. Check the magnetron current when using the No. 1 or No. 2 search 
central to trigger the modulator. 

6. If the fault is cleared, see section IV of chapter 8 for checking the 
synchronizer master oscillator. 
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Figure 324. Modulator MD-11/MPN-1, front view. 


D. SYMPTOMS: 


1. Magnetron current low (I MAG “S”). 


2. Output pulse from modulator normal. 
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Figure 325. Modulator MD-11/MPN-1, right oblique view. 


PROBABLE LOCATION OF FAULT PROCEDURE , 
1. Magnetron filament voltage low. la. Check the magnetron filament voltage (6.3 volts ac) with the 
high-voltage power turned off from the transmitter rack. 
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Figure 326. Modulator MD-11/MPN-1, rear view. 


b. If the filament voltage is low, check the primary voltage (117 
volts ac) applied to magnetron filament transformer, Tl or T2. 
Low primary indicates trouble in Power Units PE-127A or in the 
commercial power supply. 

c. Normal primary voltage and low filament voltage indicates a 
defective filament transformer. 
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2. Magnetron tube defective. 2. Replace the magnetron tube. 
3. High-voltage Rectifier Power Unit PP-26. 3a. Check high-voltage meter reading (H.V. “S”). 
6. Arc-over of bleeder or voltage divider resistors will cause low 
high-voltage output (par. 244). 
4. Defective high-voltage metering circuits. 4. The high-voltage metering circuit is reading too high. Check 
resistor R23 in Rectifier Power Unit PP-26. This resistor should 
have a value of 20 megohms with a tolerance of +10 percent. 


E. SYMPTOMS: 


1. Magnetron current (I MAG “S”) unstable. 


2. Signals on test synchroscope suddenly disappear as the high-voltage variac is turned 
down. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Defective magnetron tube. la. Signals should decrease gradually. A sudden disappearance of 
signals indicates yery sharp magnetron spectrom and makes tun- 
ing difficult. A small change in primary voltage will stop the 
magnetron from oscillating. | 
b. Magnetron tube should be changed and the system returned. 


F. SYMPTOM: 


1. Magnetron blower motor does not operate. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. No power input to the motor. la. Check input voltage (117 volts ac) on terminals 1 and 2 of 
connectors strip CS19A for the channel A blower motor, and 
terminal 1 and 2 of connector strip CS19B for the channel B 
blower motor. 
b. If there.is no voltage across these terminals, check power distribu- 
tion system. 
2. Blower motor defective. 2a. Check voltage (117 volts ac) at plug PL1 for the channel A 
blower motor and plug PL2 for the channel B blower motor. 
b. If voltage is normal, remove plug and check continuity of blower 
motor. If open or shorted, replace blower motor. 


G. SYMPTOMS: 
1. Low power output to the r-f system. 


2. Modulator output normal. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Arcing in the magnetron output connection. la. If the silver-plated bullet in the magnetron output connection 
becomes corroded, arcing will result. 
b. Clean the silver-plated bullet and the magnetron anode from the 
connection. 
c. Any part badly burned by r-f should be replaced. 
2. Filament transformer arcing over. 2a. Clean and check ‘secondary winding insulators of the filaments 
transformers. 
b. Replace any insulators suspected of being defective. 
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Figure 328. Modulator MD-11/MPN-1, waveforms. 
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| NOTE : 

# DO NOT ATTEMPT TO MEASURE VOLTAGE 

ON THESE PINS. 

(a) METER ON CONTROL 8OX C-6i NOT IN 

CIRCUIT. 

(bo METER ON CONTROL BOX C-6i IN 

CIRCUIT. 
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TL 35997A 
} fice $29. Modulator MD-11/MPN-1, voltage and 
| resistance chart. 
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168. SUPPLEMENTARY DATA. 


G2 


SWS 
swe 
SW! 


SW4 
SKI 


a. Removal of Components. Wherever possible, 
the components of the search transmitting system should 
be repaired without removing them from the transmitter 
rack. In Modulator MD-11 the subchassis can be removed 
without taking the entire compartment out of the trans- 
mitter rack. In Radio Frequency Unit RF-7, either the 
channel A or the channel B magnetron subchassis assem- 
bly can be easily removed by taking out the six bolts that 
hold it in place. 


b. Replacement of Magnetron Tubes. To take out 


a magnetron tube, it is necessary to have the r-f subchassis 
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assembly removed from the transmitter rack. Before re- 
moving the subchassis assembly be sure the magnetron 
filament leads are disconnected. Pull the banana plug 
connectors directly out from their sockets and place them 
so they will be out of the way. Loosen the knurled knob 
on the magnetron coupler assembly. Take out the bolts 
which hold the magnetron to the supporting shoulder 
member at the point of the glass filament lead seal. This 
should leave the magnetron free to be removed from be- 
tween the poles of the permanent magnet. With extreme 
caution, remove the magnetron itself by pushing it in a 
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Figure 330. Radio Frequency Unit RF-7/MPN-1, front view. 
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Figure 331. Radio Frequency Unit RF-7/MPN.1, 
| right oblique view. 


downward direction until it comes loose from the mag- 
netron connector. Take care at all times so that no metal- 
lic objects strike the magnet or a loss of field intensity 
may result. With the magnetron removed, it is advisable 
to test the field strength of the magnet, using Test Set 
TS-15/AP. Follow the instructions given in paragraph 
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141. To install a new magnetron, follow the reverse of | 
the above procedure. Be absolutely certain that the mag- 
netron is centered between the poles of the magnet and 
that all fittings line up perfectly before inserting and 
tightening the mounting screws. Reconnect the filament | 
leads and proceed to “age” the magnetron. 
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Figure 332. Radio Frequency Unit RF-7/MPN-1, 


rear oblique view. 


c. Aging Newly Installed Magnetrons. New mag- 
netrons are frequently unsteady when first put into opera- 
tion. This unsteadiness may be due to the gassiness of 
the tube or to voltage breakdown from other causes. In 
either case the unsteadiness may be only temporary. After 
reinserting the magnetron subchassis assembly in the rack 
and connecting the various leads, turn on the system in 


the normal fashion and observe the magnetron current 
reading. The following symptoms may be observed: 

(1) ABNORMALLY LARGE CURRENTS. This may 
last only a second or two, or it may continue. This indi- 
cates that the tube is gassy. It is assumed that the perma- 
nent magnet field strength has been tested before the new 
magnetron was installed. The magnetic field intensity 
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reading should be up to the minimum standard of 1,325 
gauss, otherwise a large magnetron current may result. 
(2) UNSTEADY CURRENT. This indicates gas bursts 
or voltage breakdown, or both. 

(3) SHARP CURRENT RISES. An occasional kick or 
sharp rise of the magnetron current indicates voltage 
breakdown. 

(4) AGING. If any of the above symptoms exist, it will 
be necessary to turn the high voltage, which is applied to 
the magnetron, on and off several times for an interval of 
10 to 15 seconds. Rapidly bring the variac in Control 
Box C-61 up to the operating point, hold for the proper 
period of time, and reduce sharply to zero. If no improve- 
ment in the operation is apparent, the magnetron is prob- 
ably defective and should be replaced. If there is some 
improvement noted, the symptoms should clear up com- 
pletely in 15 minutes of either continuous or intermittent 
operation. 

d. Matching Magnetron Frequencies. When the 
new magnetron is properly installed, determine its exact 
operating frequency within the limits of the test set 
accuracy. This must agree within narrow limits with the 
operating frequency of the magnetron being used in the 
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other channel. If it does not, the pattern of the antenna 
beam will be changed considerably when channels are 
switched. It is advisable to use magnetrons in pairs 
matched as closely as possible. If considerable discrep- 
ancy is observed between the two channels on replacing 
one magnetron, replace the other one as well. 


e. Aging New Modulator Switch Tubes. When 
replacing type 715A/B modulator switch tubes it is recom- 
mended that they be aged in accordance with the follow- 
ing instructions: 

(1) Remove the plugs on the high-voltage pulse cables 
that connect the modulator jacks, JK3 and JK4, to the 
magnetrons. 


(2) Operate the modulator in the normal way and raise 
the high voltage to the upper limits of the variac adjust- 
ment. 


(3) If the overload relay trips, reapply the power and 
continue operation until the modulator will operate for 
2 or 3 minutes without the overload relay tripping. 

(4) Shut off the high voltage and reconnect the plugs on 
the high-voltage pulse cables that connect the modulator 
jacks, JK3 and JK4, to the magnetrons. 


SECTION Il 
R-F SYSTEM 


WARNING: Voltages sufficient to cause death on contact are exposed at 
many points in Radio Frequency Unit RF-7/MPN-1. Do not place hands or 
arms within this unit with the high voltages on. Do not make any connec- 


tion into this unit which brings high voltages out to exposed points. Make 
all tests with the high voltages off. Always ground the high-voltage capaci- 
tors before touching them or their associated equipment. 





169. REFERENCE DATA. 
a. Search Antenna and Transmission Line 

Assembly. 

(1) Figure 30. Search antenna array. 

(2) Figure 34. Transmission Line CG-31/MPN-1, 

search antenna feed. 

(3) Figure 35. S-band transmission line. 

(4) Figure 44. Search antenna elevation field pattern. 
b. Radio Frequency Unit RF-7/MPN.1. 

(1) Figure 28. Schematic diagram. 

(2) Figure 33. R-f channel switching assembly. 


c. General. 
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(1) Figure 333. T-R box recovery time test. 
(2) Figure 334. R-f rotary joint. 


170. MEASUREMENT OF T-R BOX RECOVERY 
TIME. 


a. The recovery time of the T-R box is important in 
the reception of near-by echo signals. If the recovery time 
is prolonged, i.e., the spark across the gap is not extin- 
guished immediately, a partial short circuit will appear 
across the input to the heterodyne converter which will 
attenuate the received echo signals during the first few 
microseconds of reception. Prolonged recovery time 1s 
usually caused by a defective T-R tube which should be 
replaced (par. 173). 
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Figure $333. T-R box recovery time test. 


b. To check the T-R box recovery time, first connect 
the echo to the selector line connection and tune the echo 
box for maximum meter deflection. Observe the receiver 
output on the synchroscope in the transmitter rack. If the 
T-R box recovery time is normal, noise will be visible 
immediately following the end of the echo box pulse (fig. 
333a). If the recovery time is not normal, noise or grass 
will not be immediately visible following the end of the 
echo box pulse, but will start at zero and gradually in- 
crease to the normal value (fig. 333b). 


171, PROCEDURE. 


a. Very few electrical faults will occur in the search 
r-f system because of the nature of the construction of r-f 
equipment for S-band operation. The majority of the 
faults will be of a mechanical nature which can best be 
located by observation. These faults include bent or 
broken waveguides and coaxial line connections, a mis- 
aligned r-f channel switch, and mechanical breakage or 
wear in the search antenna drive assembly. The electrical 
faults will, in general, lie in the T-R box in Radio Fre- 


quency Unit RF-7 or in the r-f rotary joint: The latter 
fault can usually be traced to mechanical trouble causing 
arc-over within the rotary joint. 


b. A trouble-shooting chart for the r-f system is in- 
cluded in paragraph 172 to aid in locating electrical faults 
that may occur. To insure that faults, such as weak echo 
signals, are actually located in the r-f system, it will be 
necessary to make an over-all check of the receiving system 
sensitivity with Test Set TS-224/UP, using the small 
dipole antenna mounted outside of the trailer (par. 137). 
If this test shows low sensitivity, connect Test Set TS- 
224/UP to the S-band selector connection as described in 
paragraph 137. If the sensitivity is normal at this point, 
it can be assumed that the fault lies in the r-f system. 
However, this test excludes the possibility that the T-R 
box is not operating properly. In order to obtain normal 
sensitivity at the S-band selector connection, the signal 
must pass through the T-R box which consequently must 
be in good working order. Faults in the T-R box can 
usually be isolated to a mistuned cavity or the absence of 
the —750-volt “keep alive” voltage. , 


172. TROUBLE-SHOOTING CHART FOR SEARCH R-F SYSTEM. 


A. SYMPTOMS: 


. Weak echo signals observed on the synchroscope. 
. Receiver sensitivity normal as measured at the input to the preamplifier unit. 


. Crystal current normal. 
- Transmitter power output normal. 
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PROBABLE LOCATION OF FAULT PROCEDURE 
1. T-R box. 1. Retune the T-R box cavity (par. 173). 

2. Check the T-R box recovety time (par. 170). Replace tube if 
2. Defective T-R tube. defective (par. 173). 


B. SYMPTOM: 


1. Grystal burns out repeatedly. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. T-R tube. 1. T-R tube defective, check T-R recovery time (par. 170) and dis- 
charge glow. Replace defective T-R tube. 

2. Low keep alive voltage. 2. Measure voltage on top cap of T-R tube (—750 volts). If low or 
absence, check continuity of keep alive circuit and power supply 
in the modulator. 


C. SYMPTOMS: 


1. Low power output from search antenna as measured on Power Monitor TS-125/AP. 


2. Normal power at S-band selector line. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. S-band transmission line. 1. Check the S-band waveguide visually for defective sections and 
choke joints. 

2. R-f channel switch. 2. Check that the r-f channel switch is stopped directly over the mag- 


netron output section for the channel in use. See paragraph 173 
for adjustment. 


3. Absorber Unit CG-32/MPN-1. 3. Replace absorber unit and note results. 
4. Arc-over in transmission line. 4a. Check r-f rotary joint. See paragraph 173 for procedure. 


b. Arc-over in transmission line. See symptom D. 


D. SYMPTOM: 


1. Arc-oveér in r-f transmission system is indicated by a high-pitched singing noise. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Arc-over in r-f rotary joint. . la. Remove the sound-insulated box and listen for signs of atc-over 
in r-f rotary joint. 
b. If arc-over is detected, see paragraph 173 for procedure. 
2. R-f arc at some point inside transmission . 2a. Locate the origin of the sound by ear or by feeling for any “hot 
line. ° spots” along the transmission line. | 
, b. Check for moisture inside transmission lines. They must be dried 
out thoroughly using a warm air blast if necessary. 
c. Check couplings between coaxial lines. See that bullet connectors 
are properly spread. 
d. Check the alignment of the r-f choke joints between the wave- 
guide sections. 
e. Check that coupling loops inside T-R box have not become un- 
soldered. 
f. Any parts of the r-f transmission system that have been burned 
should be replaced unless burn is very slight. 
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173. SUPPLEMENTARY DATA. 

a. Tuning T-R Box. (1) The complete tuning and 

alignment procedure for the receiving system requires that 
the T-R box be tuned for optimum performance of the 
system. This is normally done after the local oscillator 
and AFC circuit have been aligned. Care must be taken 
to see that the T-R box is tuned to resonate at the magne- 
tron frequency and not at the local oscillator frequency. 
Otherwise, the T-R box will absorb power from the local 
oscillator. 
(2) With both the receiving and transmitting systems 
turned on and operating, use the synchroscope to monitor 
the video output of the channel under test. Rotate the 
search rotoflector by hand until a good fixed echo is 
located on the synchroscope that is suitable for tuning. 
Turn the radar receiver gain control down so that the 
amplitude of the echo does not saturate the receiver or 
synchroscope. Adjust the T-R box cavity tuning plugs 
for maximum amplitude of the fixed echo by screwing 
them in or out of the cavity. Each tuning plug should be 
adjusted an equal amount and penetration into the cavity 
must be uniform. 


b. Alignment of the R-} Channel Switch. The only 
way that the r-f channel switching mechanism can become 
completely out of alignment is for some of the Allen 
head setscrews to become loose on the rotating parts. 
Minor alignment adjustments can be made by shifting the 
magnetron S-band subchassis slightly in any direction in 
a horizontal plane. The holes, through which the sub- 
chassis assembly is bolted to the framework, are large 
enough to permit this movement. Should the r-f channel 
switching mechanism become out of line, proceed in the 
following manner: 


(1) See that the crank wheel is tight on the motor shaft. 
(2) See that the slotted crank arm which moves the 
S-shaped waveguide section comes firmly against the 
spring stop on the chassis in both positions of its travel. 
(3) See that the slotted crank arm is tight on the shaft. 
(4) Loosen the Allen head setscrew that fastens the mov- 
able S-shaped section of waveguide on the vertical shaft. 
With the setscrew loose, the S-shaped section of waveguide 
is free to rotate independently of the shaft. Rotate the 
S-shaped waveguide section until its rectangular cross- 
section in the r-f choke joint lines up exactly with the 
waveguide cross-section above. In this position, the long 
side of the rectangular cross-section will be parallel to 
the front panel of the radio frequency unit. Tighten the 
Allen head setscrew to lock the rotatable waveguide sec- 
tion in this position. Tighten the locknut on the Allen 
head setscrew. 


(5) Move the magnetron subchassis assemblies until they 
line up with the rotatable section of waveguide on the r-f 
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channel switch and tighten the six bolts to hold them 
securely in place. 

(6) Test the operation of the r-f channel switch by 
switching from channel A to channel B several times 
while observing the switching operation. If the r-f chan- 
nel switch does not stop at exactly the same place each 
time, it is an indication of worn parts which should be 
replaced. 

c. Service of R-f Rotary Joint (fig. 334). (1) It is 
important that both rotating joints have no external side 
forces on them. The lower rotary joint may be forced off 
the center line of the spinner base by the short length of 
coaxial line that feeds it. This can be corrected by the 
use of shims and by adjusting the waveguide at the clamp 
and brackets which hold the waveguide to the spinner 
base. The parts of the rotating joint assembly have been 
checked and adjusted to very close tolerances at the fac- 
tory, and should not require service except under unusual 
circumstances. If the rotating and stationary parts of the 
coaxial assembly become out of alignment, an internal 
arc-over will result. The arc-over will occur at the point 
in which the rotating member of the coaxial assembly 
comes closest to the stationary member during rotation. 
It can be checked in the following manner: 


(a) Turn on the transmitting and receiving system and 
tune the S-band echo box to the magnetron frequency. 


(b) Turn on the search rotoflector and observe any 
variation in current on the microammeter in the S-band 
echo box. Variation should not be over 2 percent. 


(c) If there are signs of considerable variation, turn 
off. the rotoflector and rotate it slowly by hand. Any 
point at which arc-over occurs in the rotary joint will be 
indicated by a sharp drop in the echo box microanmmeter 
reading and by the absence of signal on the synchroscope. 


(d) Unless the arc-over is very slight, the parts making 
up the coaxial line within the rotary joint are usually 
burned and replacement is necessary. 

(2) The rotary joint may be disassembled for inspection 
and lubrication of the ball bearings as follows: 

(a) Remove the four screws that hold the brass end 
plate in place. The stationary section of the rotary joint, 
which mounts the ball bearings. is removed from the 
rotating section by pulling it out of the cylinder-shaped 
case. The outer bearing sleeve and the outer bearing can 
be removed from the coaxial line by pulling them off by 
hand. Do not use excessive pressure as these parts may be 
easily forced out of alignment. 

(6) To remove the inner bearing, take out the Allen 
head setscrew and locknut. The inner bearing sleeve will 
then slide off of the stationary coaxial line assembly and 
the inner ball bearing will be free to slide off. The ball 
bearings have been packed (with Lubriplate) at the fac- 
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tory and do not require frequent lubrication. Any lubri- 
cant used should be non-corrosive, have a high melting 
point, and be of the type used on switches and contacts 
of electrical equipment. 

(c) When assembling the rotating joint use the reverse 
order of procedure given above. Care should be taken 
that the Allen head setscrew seats exactly in the hole pro- 
vided for this purpose in the outer conductor of the 
stationary coaxial assembly. 
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Figure 334. R-f rotary joint. 


d. Replacing T-R Tubes. The performance charac- 
teristics of the T-R tubes within the r-f unit must be 
watched carefully because, as indicated in the trouble- 
shooting charts, they may cause repeated crystal failure 
and less of sensitivity to near-by signals. To check -the 
T-R tube operation, follow the procedure given in para- 
graph 170. To replace the T-R tube, proceed in the fol- 
lowing manner: 

(1) Remove the bolts holding both the top and bottom 
mounting rings in place. Using hand pressure only, take 
apart the two halves of the T-R cavity in which the tube 
is contained; and remove the T-R tube from the half of 
the cavity with which it remains. This will take consider- 
able pressure. Do not use a screwdriver or other tools 
as they may slip and mar the interior surface of the cavity, 
thus affecting its electrical characteristics. 

(2) Place the new T-R tube so that its flanges, extending 
out firmly from the tube wall, are firmly on the seating 
shoulder. Carefully match the two halves of the cavities 
together over the tube, so that the flanges make equal 
contact on the entire circumference. Again, using hand 
pressure only, force the cavity halves together as tightly 
as possible until there is no gap between sections. Replace 
search antenna rotoflector assembly. The following table 
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the mounting rings and bolt down securely. If the mount- 
ing rings are not bolted down securely, considerable loss 
of received signal energy will result. The T-R box should 
be retuned as described in subparagraph a above. 

e. Adjustment of the Search Antenna Tilt. (1) 
The shift in the beam peak of the S-band search antenna 
array for a wavelength change of 0.20 centimeter is about 
1.6 degrees. The search antenna is tilted to the angle read 
on the protractor which is fastened to the tilt arm on the 


BEARING PIN 
OUTER BALL BEARING 
= HEAD SET SCREW & LOCK NUT 










METALLIC INSULATOR-4 








T1L.4B47S 


CONNECTION 


can be used to set the tilt of the rotoflector: 





MAGNETRON ANTENNA TILT FROM 
WAVELENGTH HORIZONTAL 
10.60 - 10.67 cm 0.4° 

10.68 - 10.73 cm 1.2° 

10.73 - 10.80 cm 2.0° 





(2) These angles might need to be changed slightly, de- 


pending on the terrain and the type of aircraft being 


worked. For example, some fighter planes use a 414 de- 
gree glidepath, hence it would be advantageous to raise 
the tilt of the search antenna rotoflector slightly to de- 
crease ground clutter. As a general rule the above angles 
should be used. The proper angle of tilt for the rotoflector 
depends on the transmitter magnetron frequency. In 
general, the frequencies of channel A and B will differ. 
To make a rapid change from one channel to the other 
possible, a compromise beam angle tilt will have to be 
chosen. Trouble develops if the channel A wavelength is 
in the lower region and the channel B wavelength is in the 
upper region or vice versa. The magnetrons for both 
channels should be so chosen as to have frequencies close 
together. | 
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SECTION Ill 
RECEIVING SYSTEM 


WARNING: Voltages sufficient to cause death on contact are exposed at 
many points in Radio Frequency Unit RF-7/MPN-1. Do not place hands or 
arms in this unit with the high voltage on. Do not make any connection 


into this unit which brings high voltages out to an exposed point. Make all 
tests with high voltage off. Always ground the high-voltage capacitors before 


touching their associated circuits. 





174. REFERENCE DATA. 

a. S-band Preamplifier and Heterodyne 
Converter. 
(1) Figure 335. Bottom view. 


(2) Figure 330. Radio Frequency Unit RF-7/MPN-1, 


front view. 
(3) Figure 49. Crystal mixer cross-sectional diagram. 
(4) Figure 52. Schematic diagram. 


(S) Figure 28. Radio Frequency Unit RF-7/MPN-1, 


schematic diagram. . 


b. Radar Receiver R-38/MPN-1. 
(1) Figure 336. Top view. 
(2) Figure 337. Bottom view. 
(3) Figure 338. Bottom view of i-f strip. 
(4) Figure 339. Mounting boards. 
(S) Figure 56. Schematic diagram. 
(6) Figure 340. Waveforms. 
(7) Figure 341. Voltage and resistance chart. 


e. General. 

(1) Figure 85. Intercommunications Panel 
SB-2/MPN-1, radar contrul circuit. 

(2) Figure 214. Control Box C-61/MPN-1, schematic 
diagram. 

(3) Figure 253. Capacity color code. 

(4) Figure 254. Resistor color code. 

(5) Figure 255. Tube base chart. 


175. SPECIAL INFORMATION. 

a. Synchroscope. Synchroscope TS-64/MPN-1, 
which is mounted in the transmitter rack, is very useful 
in making quick tests on the search receiving system. The 
SELECTOR switch on the front panel of the synchroscope 
is set to position AS when monitoring the video output of 
channel A and to position BS when monitoring the chan- 
nel B video output of the search receiver. Because the 
synchroscope is a type A display, it is much more useful 
for trouble shooting than the PPI display indicators of the 
search system. By observing the shape of the main trans- 


mitter pulse, amplitude of echo signals, receiver noise or 
grass, absence of echo signals, or interference shown on 
the synchroscope screen, considerable information on the 
condition and sensitivity of the receiving system can be 
obtained. Use of the synchroscope is also required in 
tuning the local oscillator (par. 180), tuning the AFC 
circuit (par. 181), and adjusting the STC circuit (par. 
182). 


b. Test Points. Six test points are located on the 
radar receiver subpanel and are accessible by opening the 
front panel door. These test points provide convenient 
cennections for monitoring or testing waveforms and volt. 
ages critical to the receiver operation. They are con- 
nected in the receiver circuit as follows: 


(1) Test point TP] is in the discriminator output circuit 
and is used in‘ tuning the AFC circuit and checking its 


‘operation. 


(2) Test point TP2 is in the receiver gain control circuit 
which feeds the plate voltage to tubes V1 and V2. With 
the STC circuit off, voltages measured at this test point 
will check the operation of the receiver gain control cir- 
cuit. When the STC circuit is switched on, the saw-tooth 
output waveform from the STC circuit is superimposed 
upon the d-c voltage from the manual receiver gain con- 
trol. The waveform taken at this test point is a check on 
the operation of the STC circuit and is also used in its 
adjustment. | 
(3) Test point TP3 provides a point for monitoring the 
saw-tooth output of the STC circuit. 


(4) Test point TP4 provides a point for monitoring the 
negative square-wave output of the multivibrator in the 
STC circuit. 

(5) Test point TPS is used when checking or adjusting 
the output of the regulated 300-volt receiver power supply. 
(6) Test point TP6 is used when checking or adjusting 
the output of the regulated 220-volt receiver power supply. 
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c. Testing Crystals. The crystal under test should 
be removed from the mixer before making any continuity 
checks on it with an ohmmeter. A meter with at least 
20,000 ohms-per-volt sensitivity should be used. Place 
the ohmmeter test leads directly across the crystal and 
observe the reading. Reverse the test leads and again 
observe the reading. The crystal resistance should change 
from about 50 to 500 ohms when the leads are reversed 
giving a front-to-back ratio of 10 to 1. The minimum 
front-to-back ratio at which a crystal will give satisfactory 
operation is usually about 5 to 1. If the ohmmeter shows 
no change of resistance with a change of polarity, or if 
the resistance is infinite or zero, the crystal is defective 
and should be replaced. 


CAUTION: The crystals used are extremely 

sensitive and will be damaged if not treated 

carefully. Any of the following actions will 

burn out the crystals: 

(1) Excessive local oscillator output. 

(2) T-R box failure. 

(3) Static discharge. 

(4) Mechanical shock. 

(5) Strong magnetic fields resulting in induced 
current in the crystal leads. 


176. PROCEDURE. 

a. The trouble-shooting procedure in the search receiv- 
ing system of Radio Set AN/MPN-1 is divided into two 
parts. Paragraph 177 deals with the trouble shooting on 
the S-band heterodyne converter and preamplifier unit. 
Paragraph. 178 covers the trouble-shooting procedure on 
the radar receiver proper. The heterodyne converter and 
radar receiver are so interrelated that it is often difficult 
to isolate a fault to either of them except by process of 
elimination. The trouble-shooting procedure in the two 
charts carries out this elimination process in a systematic 
manner. In general, faults involving abnormal crystal 
currents are first treated in the heterodyne converter and 
preamplifier trouble-shooting chart (par. 177). However, 
when there is a possibility that these faults could also be 
caused by one of the common circuits in the receiver 
proper, a cross-reference or corrective procedure is given. 
The procedure given under a particular symptom in either 
of the two charts will automatically trace the source of 
trouble in either component of the search receiving sys- 
tem. Because two separate channels are used in Radio 
Set AN/MPN.-1, there are two complete search receiving 
systems. In addition, the search radar receivers are inter- 
changeable with the precision receivers. This makes it 
possible to interchange a component suspected of being 
faulty with one known to be in good operating condition. 
In the case of intermittent faults, or low sensitivity, this 
is often a helpful check. A tube socket voltage and resis- 
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tance chart is not included for the heterodyne converter 
and preamplifier unit. When the unit is in place in the 
Radio Frequency Unit RF-7 compartment, these readings 
cannot be taken readily because of the physical construc- 
tion of the set. When the heterodyne converter and pre- 
amplifier unit is removed to the test bench, tube socket 
readings will have little or no value. The circuit elements 
should be checked against the values given on the sche- 
matic diagram (fig. 56). It is possible, however, to check 
the voltage on the local oscillator shell and repeller plate 
by opening the hinged cover on the heterodyne converter 
and preamplifier unit while it is in operating position. 


b. Faults in the search receiving system will, in general, 
appear as a reduction or absence of target echoes on the 
search indicater tubes and test synchroscopes. This type 
of fault is common not only to the search receiving system 
but also to the transmitting system and the r-f system. 
Before attempting to locate the fault in the receiving 
system, it will be necessary to make certain that the par- 
ticular fault is in the receiving system and not in either 
the r-f or transmitting system. In most cases, a quick 
check to see if the magnetron current and voltage readings 
are normal will eliminate the possibility of the fault being 
in either the r-f or transmitting system. Reference to steps 
12 and 15 in the start procedure trouble-shooting section 
(pars. 157-160) will serve to isolate trouble to the receiv- 
ing system and, in some cases, to a defective component. 
It will then be necessary only to isolate trouble to a 
particular component within the system. Many times this 
can be accomplished merely by observing the crystal 
current meter reading or the video output of the receiver 
as displayed on the synchroscope. 


c. Ifa faulty component cannot be located as described 

above, it will be necessary to check the system sensitivity 
at the S-band wave selector connection, at the preamplifier 
input, and at the receiver input, by means of the signal 
generator (TS-224/UP), included with the test equip- 
ment. Its operation is described in paragraph 137. The 
following sensitivity checks will isolate faulty components: 
(1) Low sensitivity with the r-f signal applied to the 
S-band wave selector connection and normal sensitivity 
with a 30-megacycle signal applied to the input of the 
preamplifier, indicates trouble in the local oscillator, 
crystal mixer, or the T-R box (if the crystal current is 
normal). Refer to the S-band heterodyne converter and 
preamplifier trouble-shooting chart (par. 177). 
(2) Low sensitivity with a 30-megacycle signal applied 
to the input of the preamplifier and normal sensitivity 
with a 30-megacycle signal applied to Radar Receiver 
R-38 indicates trouble in the preamplifier unit. Refer to 
the S-band heterodyne converter and preamplifier trouble- 
shooting chart (par. 177). 
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(3) Low sensitivity with a 30-megacycle signal applied (4) If the video output, as viewed on the test synchro- 
to Radar Receiver R-38 (receiver output measured on scope for the search system, is normal while that on the 
synchroscope) indicates trouble in the receiver. Refer to search indicators is not, the trouble is not in the receiving 
the radar receiver trouble-shooting chart (par. 178). system. Refer to paragraph 187 for search indicator faults. 


177. TROUBLE-SHOOTING CHART FOR S-BAND HETERODYNE CONVERTER AND PREAMPLIFIER. 


A. SYMPTOMS: 


1. Crystal current zero (1 CRYSTAL “S”). 


2. Noise, no signals on the test synchroscope. 





PROBABLE LOCATION OF FAULT PROCEDURE 

}. AFC circuit: la. Turn AFC switch SW1 on the radar receiver off (down). Slowly 
turn potentiometer P2 through its range. 

b. lf crystal current and signals appear, the AFC circuit is not func- 
tioning. Refer to the radar receiver trouble-shooting chart 
(par. 178). 

2. No local oscillator output. 2a. Measure the local oscillator output power. Refer to paragraph 
138, chapter 6, for procedure. If there is power output from the 
local oscillator. see item 3 below. - 

b. If there is no output, check the local oscillator tube voltages. 
There should be +300 volts on the shell, about —100 volts on the 
reflector plate, 6.3 volts ac on the filament, and ground potential 
on the cathode. Check the power plug connections and cables. 
Refer to the radar receiver trouble-shooting chart (par. 178) for 
power supply troubles. 

c. Check to see that the local oscillator is not shorted to ground. If 
it is, find the cause of the short. Check capacitor C14 and check 
that crystal mixer probe adjustment is not shorted to -ground. 
When the shell of the local oscillator shorts to ground, resistor- 
R13 is often burned out. 

d. Replace the local oscillator tube V3. 

3. Defective crystal. 3a. Check the crystal and replace if necessary (par. 175). 

b. Before turning on the transmitter after a crystal has been re- 
placed, check the T-R tube and “keep alive” voltage. 

4. The local oscillator off frequency. 4a. Tune and adjust the local oscillator. 

b 


. Refer to paragraph 180 for procedure. 


B. SYMPTOMS: 
1. Crystal current zero. 
2. Normal signals on test synchroscope. 


PROBABLE LOCATION OF FAULT PROCEDURE 
1. Crystal metering plug not in place. 1. Check that the crystal metering plug is in jack JK1 of the hetero- 
dyne unit in use. 
2. Crystal current metering circuit. | 2a. Check the crystal current metering plug for internal broken con- 
nections or shorts. 
b. Check the metering circuits in Control Box C-61. 
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C. SYMPTOMS: 
1. Crystal current sweeps too high when AFC circuit is hunting. 


2. When the AFC circuit locks in, the crystal current is around 0.2 ma. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Local oscillator unstable. la. The local oscillator is mistuned. Refer to paragraph 180 for 
tuning procedure. 


b. T-R box mistuned. Refer to paragraph 173 for tuning procedure. 


2. AFC circuit. 2a. The AFC circuit is locked in on the wrong mode of the local 
oscillator. Check local oscillator coupling and adjust for correct 
crystal current. 


b. Align the AFC circuit. Refer to paragraph 173 for tuning 
procedure. 


D. SYMPTOM: 


1. Crystal current low (0.2 ma or below) even when the AFC circuit is sweeping. 


PROBABLE LOCATION OF FAULT PROCEDURE 

1. Repeller voltage not correctly adjusted. 1. Adjust the receiver tuning control, potentiometers P2 and P9. 
2. The AFC circuit is not correctly tuned. 2. Refer to the AFC tuning procedure (par. 181). 

3. Loose local oscillator coupling. 3. Increase the local oscillator coupling. This is done by increasing 


the probe penetration depth in the crystal mixer. 


4+. The T-R box tuned to the local oscillator 4. Check the T-R box tuning (par. 173). If the T-R box is tuned 
frequency. near the local oscillator frequency, it will absorb power. 


E. SYMPTOM: 


1. Crystal current too high (above 0.8 ma) when the AFC is locked in. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Local oscillator is too closely coupled. la. Reduce the local oscillator coupling by decreasing the probe 
| penetration depth in the crystal mixer. 


b. Adjust the position of the coupling loop in the local oscillator 
cavity for less pickup, 


F. SYMPTOM: 
1. Intermittent crystal current. 
2. Intermittent signals on the test svnchroscope. 


PROBABLE LOGATION OF FAULT PROCEDURE 
1. Loose crystal holder. 1. Clean and tighten the crystal holder surfaces. 
2. Intermittent troubles of the tvpe described 2. Follow the check procedure used under symptom A. 


under svmptom A. 
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G. SYMPTOM: 


1. Excessive grass on the test synchroscope. 


PROBABLE LOCATION OF FAULT PROCEDURE 


1. Local oscillator coupling too tight. la. Reduce the local oscillator coupling. 
b. Adjust coupling for correct value of crystal current. 
2. Noisy crystals. 2. Replace the crystal. . 


H. SYMPTOMS: 


. No signals on the test synchroscope. 
. Low noise value on test synchroscope. 


. Crystal current normal. 
. AFC circuit does not lock in. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Preamplifier. la. As a check in isolating the trouble to the preamplifier stages, 
refer to the procedure given in paragraph 176. If the trouble is 
found to be in the receiver unit see the trouble-shooting chart on 
Radar Receiver R-38 (par. 178). 
b. Check that +105 volts is reaching pin C of power input plug PL. 


c. Replace first and second i-f tubes V1 and V2, one at a time, and 
note the results. 

d. Remove the search heterodyne converter unit from the transmitter 
compartment and check the preamplifier circuit element against 
the schematic diagram (fig. 52). 

e. Check the preamplifier i-f alignment. Refer to paragraph 184 
for procedure. 


I. SYMPTOM: 
1. The receiver breaks into oscillations. 
PROBABLE LOCATION OF FAULT PROCEDURE 
1. Local oscillator. la. The local oscillator is operating on an unstable mode. Tune and 
align the local oscillator and AFC circuits. Refer to paragraphs 
180 and 181 for procedure. 

b. Reduce the local oscillator coupling by partially withdrawing 
the output coupling loop from the oscillator cavity. This will 
reduce the local oscillator loading. 

c. The heterodyne converter assembly is not propegly grounded. 
Check ground connections and fasten down securely. | 

d. Replace the first and second i-f tubes (stages V1 and V2) and 
note results. . 

2. Receiver. 2. Refer to the trouble-shooting chart on Radar Receiver R-38 (par. 


178). - 
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Figure 335. S-band heterodyne converter and preamplifier, 
bottom view. 
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178. TROUBLE-SHOOTING CHART FOR RADAR RECEIVER. 


A. SYMPTOMS: 
1. No noise or signals on the test synchroscope. 


2. Crystal current zero (I CRYSTAL “S”’). 


PROBABLE LOCATION OF FAULT PROCEDURE 
1. Receiver fuse blown. la. Neon fuse indicator light should be lit if fuse is blown, 


b. Check the continuity of the fuse and replace with a 5-ampere fuse 
if it is open. 


2. Positive power supply defective. 2. See symptom N. 


B. SYMPTOMS: 


1. No noise or signals on test svnchroscope. 
2. Crvstal current normal. 


PROBABLE LOCATION OF FAULT PROCEDURE 

1. 220-volt regulated power supply. * J. See svinptom P. 

2. Positive 105-volt power supply. 2. See symptom R. 

3. Preamplifier unit. 3a. Check to see if the AFC circuit locks in and holds. Tf it does. the 


preamplifier unit is working normally. 

b. If the AFC circuit will not lock in, check the preamplifier unit. 
Refer to paragraph 177. 

4. Defective i-f strip. ‘Aa. Check tubes V1, V2. V3. VEO NS. V6. V7. and VG. Replace any 
found defective. 

b. Make a stage-by-stage test of the tube socket voltages for the i-f 
strip on tubes V1 through V8 (fig. 31D). 

c. Locate the faulty circuit clements by the aid of the resistance 

chart (fig. 3-41). 
D>. Receiver gain control circuit. Sa. Try both the local and remote positions of switch SW3. Tf either 
position clears the fault. see svmptoms oor F helow. 

b. Check the voltage at test point TP2 with switch SW2 off. Vary 
the receiver gain control between maximum and minimum posi- 
tions. The voltage on the test point TP2 should vary hetween 
0 and +105 volts. If not. see symptom ET. 


C. SYMPTOMS: 


Video output weak on test oscilloscope in one channel only. 
Crystal current normal. 


Transmitter meter readings and modulator pulse shape normal. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Adjustment of video control. la. Turn potentiometer P] fully clockwise for maximum video output. 


b. Receiver gain control should be fully clockwise for maximum 
output. Be sure that switch SW is not set in a remote position 
when the local gain control is being used. 
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2. Low power supply voltage. 2a. Check that +300 volts is on test point TP5. If not. refer to 
symptoms N and O. 

b. Check that +220 volts is on test point TP6. If not, refer to 
symptoms P and Q. 

c. Check that +105 volts is on terminal 6 of connector strip 12. If 
not, refer to symptom R. 

d. Check that -105 volts is on terminal 5 of connector strip 12. If 
not, refer to symptoms S. T. or U. 

3. Preamplifier unit. 3a. Check the preamplifier unit gain by feeding a modulated 30- 
megacycle signal from a signal generator into plug P13 of the 
preamplifier unit. Next. feed the same signal directly into the 
receiver and compare the output signal amplitude. The modu- 
lated pattern is shown in figure 340-8. 

b. If in doubt about the preamplifier unit, run a similar check on 
the spare channel preamplifier. 
c. Refer to paragraph 177 for preamplifier trouble. 

4. Defective i-f strip. 4a. Check tubes V1 through V8. Replace any showing signs of poor 
emission or high resistance shorts. 

b. Check i-f strip tube socket voltages and resistance readings 
(fig. 341). Investigate the cause of any abnormal reading. 

5. I-f band pass width too narrow. 5a. Check the band pass width of the i-f strip at the preamplifier 

unit (par. 183). 


b. For i-f alignment procedure refer to paragraph 164. 


D. SYMPTOM: 


1. Receiver breaks into oscillations. 





PROBABLE LOCATION OF FAULT PROCEDL RE 
1. Preamplifier unit. 1. Refer to symptom FT (par. 177). 
2. Poor ground connections in the. receiver. 2a. Check to see that the i-f strip is securely screwed down, 


b. Check all ground connections in the i-f strip. Check that Terminal 
3 on connector strip 12 is making a good connection. 


3. Defective i-f amplifier tube. 3. Replace tubes V1 through V5 one at a time, and note results. 


E. SYMPTOMS: 
1. Receiver gain control circuit does not work in the LOCAL position. 
2. Receiver gain control circuit is normal in the REMOTE position. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Local gain control circuit. : 1. Check the gain control resistor network consisting of R63, P4 
| and R62. 


F. SYMPTOMS: 


1. Receiver gain control circuit docs not work in the REMOTE position. 


2. Receiver gain control circuit is normal in the LOCAL position. 
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PROBABLE LOCATION OF FAULT PROCEDURE 
1. Remote gain control circuit (located on la. Check that +105 volts and —105 volts are on terminals 8 and 6 
the intercommunications panel, figure 85). respectively for the channel A receiver and on terminals -! and 2 


respectively for the channel B receiver (connector strip C531). 
b. If either voltage is incorrect, check the interrack wiring of these 
leads between the intercommunications panel and the radar re- 
ceiver. 
c. Check the gain control resistor network consisting of Rl, P5, and 
R3 for the channel A receiver and R2, P6, and R4, for the chan- 


nel B receiver. 


G. SYMPTOMS: 


1. Gain control has no effect in either the LOCAL or the REMOTE position. 


2. Signal and noise levels on test synchroscope high. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. The —105-volt supply. 1. Refer to symptoms S and U. 


H. SYMPTOMS: 


1. No signals on test synchroscope. 


2. No voltage at test point TP2. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Cathode follower stage V14. la. Check tube V14 and replace if necessary. 
b. Check the resistance and voltage tube sockets measurements for 
V14 (fig. 341). Find the cause of any abnormal reading. 


I. SYMPTOMS: 
1. Noise but no signals on the test synchroscope. 
2. AFC circuit does not sweep the crystal current (indicated by the meter reading). 


PROBABLE LOCATION OF FAULT PROCEDURE 
1. AFC circuit alignment. la. Check the waveforms at test point TP1 with the AFC switch SW1 
in an off position. It should appear as shown in figure 340. 

6. If the waveform is not correct, refer to the alignment procedure 
given in paragraph 181. Check that the waveform is not distorted 
when the AFC circuit is switched on. | 

c. If the AFC circuit is impossible to tune, see item 2 below. 

2. Discriminator circuit. 2a. Check tubes V9, V10, and V11. Replace any found defective. 

6. Check coupling capacitor C43. If it is shorted, tube V12 fires con- 
tinuously and tube V13 cannot sweep. Check the bias of tube V11. 
Too much gain on V1] causes V12 to fire on noise alone. 

c. Check the tube socket voltages and resistance reading for tubes 
V11, V10, and V9 (fig. 341). Trace the cause of any abnormal 
reading. 
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, Stages V12 or V13 nonoperative. 3a. Replace tubes V12 and V13, one at a time, and note the results 
when the AFC circuit is switched on. 


b. Check the tube socket voltages of V12. Note especially the bias 
on pin 8 of V12. High bias on V12 causes low sensitivity. 


c. Check the tube socket voltages of V13. Note the range of the AFC 


sweep and trace the cause of abnormal readings. 





J. SYMPTOM: 
1. AFC circuit sweeps, but does not lock in. 
ROBABLE LOCATION OF FAULT PROCEDURE 
AFC circuit alignment. | 1. Tune up the AFC circuit. Refer to paragraph 181 for procedure. 
The AFC circuit sensitivity too high. 2a. Check the bias of V12 (fig. 341). 
b. If bias is incorrect, check resistors R45 and R46. 
Magnetron. 3a. Check the magnetron output frequency. 


b, If the magnetron is out of the operating band, it must be replaced. 





K. SYMPTOM: 


l. The AFC circuit will not lock in and hold. 


ROBABLE LOCATION OF FAULT PROCEDURE 

_ Discriminator improperly tuned. 1. Tune the AFC circuit. Refer to paragraph 18] for procedure. 

_ Tube V13 does not produce the proper 2a. With the transmitter off, switch on the AFC circuit and observe 
hunting cycle. the sweep of crystal current. It should rise from 0 to about 0.8 


ma in approximately 34 second, and then drop to 0 and repeat. 
b. If the sweep of the crystal current is not correct, check tube V13 
and replace if necessary. 
c. Check capacitors C44 and C46. These are the sweep capacitors 
and, if leaky, will cause an erratic sweep of the crystal current. 
d. Check the —-255-volt power supply and bias of V13. See symp- 


_toms T and U. 
_ Local oscillator tuned below the magne- 3a. Retune the local oscillator to 30 megacycles above the magnetron. 
tron frequency. Refer to paragraph 180 for procedure. 
_ Unstable magnetron. 4a. Replace the magnetron as a check on its operation. 


b. Check the strength of the permanent magnet (par. 141). 


_ Local oscillator too tightly coupled. 5. Reduce the local oscillator coupling. The main transmitter pulse 
draws the local oscillator off frequency. 


. Local oscillator improperly shielded. 6. Check the shielding on the local oscillator unit. The system may 


be picking up rf present because of inadequate shielding. 
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L. SYMPTOMS: 


1. Distance signals cut off. 
2. STC circuit switch SW2 on. 
NOTE: Some units of Radio Set AN/MPN-] have the trigger pulse wired 


to the receiver of both the search and precision systems. In such cases, 
symptoms L and M apply to both the search and precision receivers. If 
the positive trigger pulse is wired only to the precision receivers, symp- 
toms L and M will not apply to the search receiver. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. The STC gate length is too short. la. Adjust potentiometer P8 to increase multivibrator V15 gate 
“length. 
b. Waveforms on TP3 and TP4 should be similar to that shown in 
figure 340. 


M. SYMPTOMS: 
(See note under symptom L.) 


1. Near-by signals saturate the receiver and test synchroscope. 
2. The STC circuit is on (switch SW2 in up position). 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. STC circuit defective. la. Check the waveform at test point TP2. It should be similar to 
that shown in figure 340. 


b. Check positive trigger input pulse from the synchronizer at term- 
inal 4 of connector strip CS12 with an oscilloscope. If it is 
absent on units wired for STC use, trace the pulse wiring circuit. 
(All precision receivers, and in some units the search receivers, 
are connected for STC operation. ) 

c. Check for a square wave pulse at test point TP4. It should be 
similar to that shown in figure 340. If the square wave pulse is 
not present, check tubes V15 and V16. Replace if necessary. 


d. Check tube socket voltage and resistance readings for tubes V15 
and V16 (fig. 341). Trace the cause of any abnormal reading. 

e. Check the waveform at test point TP3. This waveform is shown 
in figure 340. | 

f. I the waveform is present at test point TP3 and not at TP2 
check, L27 and T3. 


2. Receiver gain control circuit defective. 2. See symptoms G and H. | 


1. Zero or low 300-volt on test point TPS. 
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PROBABLE LOCATION OF FAULT 
1. Adjustment. 1. 


2. Main full-wave rectifier V17. 2. 
3. Tube V18 defective. 3. 
4. Transformer T1. 4a. 
b 
5. Filter circuit. 5; 


O. SYMPTOM: 


Service Manual 


TM 11-1543 


PROCEDURE 


Adjust P5 for 300-volt output on test point TPS. 
Check tube V17. Replace if necessary. 
Check series regulator tube V18. Replace if necessary. 


Check the primary voltage of transformer Tl] on terminals 1 and 
2. It should be 117 volts ac: Check the secondary voltage of 
transformer Tl. This can be done most easily on pins 4 and 6 
of tube V17. Each should have 575 volts ac to ground. 


. Should the transformer be burned out, determine the cause before 


replacing. Check L28, R64, R60, and C54 for short to ground. 
Inspect fuse Fl. It should be rated at 5 amperes. 


Check L28 for an open circuit. Check capacitor C54 for leakage. 


1. 300-volt power supply does not regulate. 





PROBABLE LOCATION OF FAULT 
1. Adjustment. 1. 
2. Tube V18, V19, and V21 defective. 


3. Regulator circuit. 


2. 
3a. 
b. 


P. SYMPTOMS: 


PROCEDURE 


Adjust potentiometer PS for 300-volt output on test point TPS. 
Check tubes V18, V19, and V21. Replace if necessary. 
Check resistance network R68, P5 and R69. 


Check the tube sockets voltage and resistance readings of tubes 
V18, V19, and V21 (fig. 341). Determine the cause of any 
abnormal reading. 


1. Zero or low 220-volt output at test point TP6. 


2. 300-volt power supply output normal. 





‘PROBABLE LOCATION OF FAULT 
1. Adjustment. 1. 
2. Tubes V24 and V25 defective. 2. 


3. Control stage V26. 3. 


Q. SYMPTOMS: 


PROCEDURE 


Adjust P7 for 220-volt output on test point TP6. 

Check series regulator tubes V24 and V25 and replace if neces- 
sary. 

Check tube V26 and replace if necessary. 


1. 220-volt power supply will not regulate. 


2. 300-volt power supply normal. 





PROBABLE LOCATION OF FAULT 

1. Tube V24, V25, and V26 defective. l. 

2a. 
b. 


2. Regulator circuit. 
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PROCEDURE 


Check tubes V24, V25, and V26. Replace any found defective. 
Check resistance network R78, P7, and R79. | 
Check the tube socket voltage and resistance readings (fig. 341 ) 


for V26 and determine the cause of any abnormal readings. 
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R. SYMPTOMS: 


1. Zero or low output from the positive 105-volt power supply. 


2. 220-volt power supply normal. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Adjustment. 1. Adjust potentiometer P6 for +105 volts as measured on terminal 


6 of connector strip CS12. 


2. Potentiometer P6 defective. 2. Check the continuity of potentiometer P6. Replace if necessary. 


S. SYMPTOM: 


1. Zero or low output for both the 255 and the -105-volt supply. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Rectifier V20. 1. Check half-wave rectifier tube V20. Replace if necessary. 
2. Transformer T2. 2a. Check to see that filament lights on V20. 


b. Check the primary input voltage on terminals 1 and 2 of trans- 
former T2. 


c. No filament voltage with normal primary input voltage indicates 
defective transformer T2. 


3. Filter network. 3a. Check inductance L29 for open circuit. 
b. Check filter capacitor C58 for short circuit or leakage. 


c. Check resistance R72 for open circuit. 


T. SYMPTOMS: 


1. Negative power supply does not regulate. 
2. Both the —225-volt and the -105-volt supplies deliver an output voltage. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Tube V23. 1. Replace regulator tube V23, 


U. SYMPTOMS: 
1. No —105-volt output. . 


2. The -225-volt supply does not regulate. 





PROBABLE LOCATION OF FAULT PROCEDURE | 
1. Regulator tube V23. 1. Replace regulator tube V23. 
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Figure 336. Radar Receiver R-38/ MPN-1, top view. 
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Figure 337. Radar Receiver R-38/MPN-1, bottom view. 
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Pars. 179-180 


179. ADJUSTMENT OF RECEIVER POWER 
SUPPLIES. Before attempting to tune or align the 
search system, the regulated power supplies in the radar 
receiver should be adjusted to give the proper output 
voltages. This is done in the following manner: i 

a. Adjust P5 to obtain 300-volt output on test point 
TPs: 

b. Adjust P7 to obtain 220-volt output on test point 
TP6. Switch SW3 should be set to the LOCAL position 
and gain control P4 fully advanced. 

c. Adjust P6 to obtain +105-volt output as measured 
on terminal 6 of connector strip CS12. Do not disconnect 
the preamplifier unit when making this measurement. P4 
should be fully clockwise. 


180. TUNING SEARCH SYSTEM LOCAL 
OSCILLATOR. 

a. Set the controls on Synchroscope TS-64 as follows: 
(1) SELECTOR SWITCH to position AS when checking 
the channel A system and to position BS when checking 
the channel B system. 

(2) SYNCHROSCOPE SWEEP SPEED to position 4. 
(3) CRT INPUT to AMP. 

(4) INPUT TRIG. switch to A. SYS. when checking 
the channel A system and to B. SYS. when checking the 
channel B system. 

(5) The VIDEO AMPLIFIER GAIN control so that the 
signals do not saturate the cathode-ray tube. - 

(6) The VIDEO AMPLIFIER ATTENUATOR switch to 
position 10:1. 

(7) Adjust the FOCUS intensity (INT.) and CENTER- 
ING controls. 

b. Adjust the radar receiver controls as follows: 
(1) Turn the LOCAL-REMOTE switch SW3 on the radar 
receiver to the local position. 

(2) Turn switch SW1 to manual (downwards). 

(3) Turn switch SW2 to the off position (downwards). 
(4) Turn potentiometer Pl to maximum (clockwise). 
(S) Turn the receiver gain control P4 to maximum (clock- 
wise). 

(6) If the receiver is operating properly, grass should 
appear on the synchroscope. 


WARNING: The crystal current should not 
exceed 0.8 ma at any time during the adjustment 
of the local oscillator or the crystal may be 
damaged. Keep the crystal coupling probe ad- 
justed so that this current value is not exceeded. 


® 4 ‘ s 
c. Turn off the radar receiver. Remove the local oscil- 
lator ‘tube and its mounting from the chassis and adjust 
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the six cavity slugs to a uniform depth fairly well into the 
cavity. Reinsert the local oscillator tube and its mounting 
on the chassis and see that the local oscillator mounting 
is pushed all the way to the rear of the chassis for maxi- 
mum coupling with the output loop. Make certain that 
the cavity is not shorted to ground. Turn on the receiver. 


d. Rotate potentiometer P2 from one extreme to the 
other, watching the crystal current meter. Set potentiom- 
eter P2 to the position where maximum crystal current 
occurs. If the crystal current is too high or too low, 
adjust the local oscillator coupling probe on the crystal 
mixer to give a crystal current of approximately 0.5 
milliamperes. 


e. Turn on the transmitter and adjust the control 
variac so that the magnetron current is 18 milliamperes. 
Swing the repeller voltage (adjusted by potentiometer 
P2) through its extreme range, watching for signals on 
the synchroscope. Note the crystal current. If no signals 
appear on the synchroscope, turn the receiver off, adjust 
the depth of the two front local oscillator cavity tuning 
plugs, and again turn on the receiver and continue to 
swing potentiometer P2 through its entire range. 


NOTE: When the crystal metering plug is in 
jack JK1 of the preamplifier unit for crystal 
current measurement, the signals may be attenu- 
ated or distorted. 


f. When signals have been located, select the mode of 
oscillation which gives the best signals. This corresponds 
to the greatest crystal current, and the highest setting of 
potentiometer P2. From this point on, work with the 
minimum setting of receiver gain control P4 that will 
give satisfactory signals. If signals are not located, turn 
the receiver off. Open the local oscillator chassis and 
turn the four front cavity tuning plugs out one turn each. 
The plugs should be of uniform depth in the cavity. 
Repeat steps given in subparagraphs d through f. 

g. If care has been taken to sée that no signals were 
skipped in the steps given in subpatagraphs d through f, 
the local oscillator frequency will be above the magnetron 
frequency. | 


h. By coordinating the tuning of potentiometer P2 and 
the local oscillator front two cavity tuning plugs, a com- 
bination which gives maximum signal strength and maxi- 
mum crystal current at the same time should be obtained. 


i. The local oscillator repeller plate voltage should now 
be varied by means of potentiometer P2, and the signals 
should gradually grow to a maximum and gradually 
decrease to a minimum. The crystal current should reach 
a maximum at the same time that the signals reach a 
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Figure 338. Radar Receiver 
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Figure 339. Radar Receiver R-38/MPN-1, mounting boards. 
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STC OQUTPUT AT TP2 PLATE OF STC SWITCH TUBE 
SYNCHROSCOPE SWEEP SPEED 4 Vl6a AT TP3 

VIDEO AMPLIFIER GAIN 3 maximum SYNCHROSCOPE SWEEP SPEED 4 
VIDEO AMPLIFIER ATTENUATOR 10:1 VIDEO AMPLIFIER GAIN 34 maximum 


VIDEO AMPLIFIER ATTENUATOR 10:1 





7 8 
TRIGGER FROM SYNCHRONIZER MODULATION PATTERN DURING 
ON CS124 RECEIVER TEST 
SYNCHROSCOPE SWEEP SPEED 3 SYNCHROSCOPE SWEEP SPEED 3 
VIDEO AMPLIFIER GAIN maximum VIDEO AMPLIFIER GAIN 4% maximum 
VIDEO AMPLIFIER ATTENUATOR 1:1 VIDEO AMPLIFIER ATTENUATOR 10:1 | 


SELECTOR switch to appropriate AS, BS, AX, or 
BX position for receiver under test. 


TL 43474 


Figure 340. Radar Receiver R-38/MPN-1, waveforms. 
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NOTES: 
ALL RESISTANCE READINGS TAKEN WITH TERMINAL 
STRIP DISCONNECTED. 

(a) DEP END ON SETTING OF SWI,SW3, AND P4 
(b) SET BY P2 AND P9 (SWI ON AFC). 

(c) SET BY P4 (SW3 ON STC) 

(d) SET BY PB. 

(e) SET BY P3 

(f) SET BY P7 

H INDICATES HEATER PIN 

HG INDICATES HEATER GROUND PIN 


TL 36008A 


Figure 341. Radar Receiver R-38/MPN.-1, voltage and 


resistance chart. 
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maximum. If the crystal current and the signals do not 
reach a maximum at the same time, turn the local oscil- 
lator coupling loop slightly clockwise and repeat the steps 
given in subparagraphs e, f, h, and i. Recheck the crystal 
current and adjust, if necessary, to 0.5 milliamperes. 
Repeat the procedure until the crystal current and signals 
reach a maximum at the same time. Do not reduce the 
coupling of the local oscillator to the extent that it mate- 
rially reduces the signal strength. Note that changing 
the local oscillator coupling changes the tuning of the 
cavity. 

j. Adjust the local oscillator coupling probe in the 
crystal mixer to give a crystal current of from 0.5 to 0.7 
milliampere, and check the local oscillator wavelength 
with the S-band echo box in the following manner: 


(1) Tune the S-band echo box to the magnetron wave- 
length and note the reading. 

(2) Turn off the transmitter. 

(3) Disconnect the local oscillator coupling cables from 
the crystal mixer. 

(4) Connect the S-band echo box to the local oscillator. 
(5) Turn the echo box tuning knob so that the pointer 
moves toward the left (higher numbers) of the dial read- 
ing from the magnetron frequency as measured in (1) 
above. The tuning knob should be turned so that the 
pointer moves approximately 3 or 4 divisions. If the local 
oscillator is tuned properly, a microammeter indication 
should be observed around that point. If no indication is 
found, move the calibration pointer 3 or 4 divisions 
toward the right of the dial setting found when measuring 
magnetron frequency. If an indication on the microam- 
meter is observed at this point, the local oscillator is 
tuned to a frequency lower than that of the magnetron 
and it should be retuned. 


k. Make a final adjustment of the repeller plate voltage 
by setting potentiometer P2 and the vernier contro] P9 
for maximum signal strength. 


181. TUNING THE AFC CIRCUIT. 
a. Adjust potentiometers P2 and P9 in the radar 


receiver for maximum echo box signal response with the 
gain control switch SW3 on LOCAL. and switch SW1 
AFC off. Connect test point TP1 to the SIG. IN jack on 
the synchroscope and set the controls as follows: 

(1) SELECTOR switch to position SYNCH. 

(2) CRT INPUT switch to AMP. 

(3) SYNCHROSCOPE SWEEP SPEED to position 4. 
(4) INPUT TRIG. switch to A. SYS. if the channel A 
system is being checked and to B. SYS. if the channel B 
system is being checked. 

(S) VIDEO AMPLIFIER ATTENUATOR to position 
10:1. 
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(6) Adjust the INTENSITY, FOCUS, and CENTER- 
ING controls. 


b. Tune the secondary of the discriminator transformer 
by adjusting capacitor C36 to the main transmitter pulse. 
This will give a waveform on the synchroscope that is 
maximum in the downward direction (fig. 340). Use a 
nonmetallic screwdriver for all discriminator tuning ad- 
justments. Tune the primary of the discriminator trans- 
former by adjusting capacitor C34 so that it also makes 
the waveform maximum in the downward direction. Then 
tune capacitor C36 to a point where a few scattered pulses 
are upward but most of them are still downward as shown 
in figure 340. 

c. Adjust potentiometer P2 for maximum signal 
strength, turn on switch SW] AFC, and check that the 
echo box signals are at least equal to the maximum signal 
strength observed when the AFC circuit is off. The AFC 
circuit should lock in and hold. 


d. To check the AFC circuit operation, turn potenti- 
ometer P2 slowly through its range. The AFC circuit 
should hold the signal at maximum strength for a varia- 
tion in the setting of P2. After this check, turn off switch 
SW1 AFC and retune potentiometers P2 and P9 for 
maximum signal strength. Again turn on switch SW1l 
AFC and change the transmitter frequency by decreasing 
the voltage applied to the high-voltage power supply. 
This is done by slowly decreasing the setting of the variac 
control. The AFC circuit should hold the signals at near 
maximum strength through a variation in the magnetron 
current of 5 milliamperes or more. 


182. ADJUSTMENT OF THE STC CIRCUIT. Not 
all units of Radio Set AN/MPN-1 are equipped to use the 
STC circuit in search system. All precision receivers have 
a positive trigger pulse from the synchronizer wired to 
terminal 4 on the connector strip. On search receivers 
that-do not have this input trigger pulse connection wired 
in, it will be necessary to run a jumper from terminal 4 
on the connector strip of the precision receiver to terminal 
4 on the search receiver. It is desirable to have the STC 
circuit lined up on all four radar receivers in Radio Set 
AN/MPN.-1 so that they may be interchanged between the 
search and the precision systems. - 
a. The controls on the synchroscope should be set in 
the following manner: 
(1) Connect test point TP4 on the radar receiver to the 
SIG. IN connection on the synchroscope. 
(2) Set the SELECTOR switch to SYNCH. 
(3) Set the SYNCHROSCOPE SWEEP SPEED to posi- 
tion 4. 
(4) Set the CRT INPUT switch to AMP. 
(5) Set VIDEO AMPLIFIER ATTENUATOR to 10:1. 
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(6) Set the INPUT TRIG. switch to A. SYS. when check- 
ing the channel A system and to 3. SYS. when checking 
the channel B system. 


(7) Set the VIDEO AMPLIFIER GAIN CONTROL so 


that the cathode-ray tube is not saturated. 


b. (1) Check that a positive trigger pulse of approxi- 
mately 50 volts amplitude is supplied to terminal 4 of 
the receiver. Observe the waveform at test point TP4, 
with switch SW2 in the ON position. The trace should 
appear as the negative gate or rectangular wave (fig. 340). 
For the precision system receiver, use a SY NCHROSCOPE 
SWEEP FEED setting of 4 and adjust the gate length 
with potentiometer P8 to approximately 108 microsec- 
onds. If the STC circuit is to be used for the search 
system receiver, use a SYNCHROSCOPE SWEEP SPEED 
setting of 5, and adjust the gate length to slightly over 
300 microseconds. 


(2) Next observe the waveform at receiver test point TP3, 
using the same synchroscope adjustments as above. The 
waveform should be a positive-going saw-tooth voltage 
wave of the same duration as the gate voltages observed 
at TP4. The slope of this saw-tooth wave may be adjusted 
by varying potentiometer P3. The setting of P3 will be 
determined by the conditions necessary to minimize near- 
by ground return appearing on the search and precision 
indicators. 


c. Turn switch SW2 STC to the OFF position and 
measure the d-c voltage at test point TP2. Gain control 
switch SW3 should be on LOCAL so that local gain con- 
trol can be used. Observe the voltage variations on TP2 
as the gain control is varied from a counterclockwise to 
a full clockwise position. The voltage should vary from 
approximately 0 to 105 volts. 


d. Turn switch SW2 STC on, and connect test point 
TP2 to the synchroscope. Observe the saw-tooth wave- 
‘form output of the STC circuit superimposed upon the 
d-c voltage level of the gain control circuit (fig. 340). 
This is the form in which the STC voltage is applied to 
the plates and screen grids of tubes V1 and V2 in the i-f 
strip. 


183. CHECKING RECEIVER BAND PASS 
WIDTH. 


a. Use a Hickok 19X or similar signal generator and 
tune it to produce a 30-megacycle output. Because the 
dial setting may not be accurate, a signal generator should 
be used that has been checked against a standard signal 
generator. Disconnect the coaxial input cable to the pre- 
amplifier unit and connect the signal generator to the 
input of the preamplifier. Connect an oscilloscope to the 
video output of the receiver (terminal 8 on the connector 
strip). Keep the attenuation control on the signal gener- 
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ator as low as possible and still have signals of sufficient 
amplitude to overcome the noise level of the receiver. 
Amplitude modulate signal generator about 30 percent 
while keeping the receiver and oscilloscope gain controls 
low enough to prevent saturation. If the receiver has the 
proper band pass width (2 megacycles) the signal on the 
oscilloscope should remain approximately the same ampli- 
tude when the signal generator frequency is moved from 
29 to 31 megacycles; 1 megacycle each side of the i-f 
frequency. 


184. I-F ALIGNMENT OF RECEIVER AND 
VIDEO AMPLIFIER. 

a. Test Equipment Required. 
(1) Dumont test oscilloscope. 
(2) Sweep frequency generator (f-m signal generator 
giving a center frequency of 30 mc with a frequency 
spread of 4 to 5 mc each side of center). 
(3) Weston analyzer model 772. 


b. Test Bench Requirements. The receiver and 
heterodyne converter should be mounted on a suitable 
test bench with adequate ground connection for both 
components. The Dumont oscilloscope vertical deflecting 
plates are connected to the video output of the i-f strip at 
pin 8 of tube V8 or to terminal 8 of the receiver connector 
strip. Connect 117 volts ac to the receiver input (termi- 
nals 1 and 2) on the connector strip. The receiver regu- 
lated power supplies should be adjusted as indicated in 
paragraph 179 before i-f alignment is attempted. 


c. Test Procedure. 
(1) Adjust the signal generator for an output of approxi- 
mately 500 microvdlts at 30 megacycles, with 30 percent 
1,000-cycle modulation. Connect the output from the 
signal generator to the i-f input (PL1) of the radar re- 
ceiver. When the receiver is turned on, the modulation 
pattern of the signal generator output should appear on 


the oscilloscope. If it does not, the output should be 


increased until the modulation waveform does appear. lf 
no signal can be made to appear on the oscilloscope, the 
signal generator connection should be moved to the grid 
of a stage nearer the receiver output until signal detection 
is possible. When the modulation pattern appears on the 
oscilloscope, the tuning screws protruding from the if 
strip for each stage should be adjusted for maximum out- 


put. Using a nonmetallic screwdriver, first adjust L16 in 


the grid circuit of V6 for a maximum response signal on 
the oscilloscope. Then, in order, tune L13, L10, L7, and 
LA, for maximum output from each. As the tuning pro- 
gresses from stage to stage, hold the oscilloscope vertical 
gain constant but reduce the input signal from the sweep 
generator. After final adjustment of these stages, the 
sweep generator input to the receiver should be approxi- 
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mately 100 microvolts. Reduce the sweep generator output 
after each coil is tuned in order to prevent saturation of 
the receiver. 


CAUTION: As the i-f stages are rather broadly 
tuned (2-megacycle band width), it is necessary 
to use great care in adjusting the coils so that 
band width of each stage centers at 30 mega- 
cycles. 


(2) To tune the input stage V1, it is necessary to take 
special steps, since the tuned inductance L] is directly in 
series with the signal generator output and is shunted by 
the low resistance of Rl (75 ohms). Disconnect one end 
of Rl, and place a noninductive resistor of 500 ohms 
value in series with the sweep generator output. Recon- 
nect the sweep generator to the i-f input of the radar 
receiver and tune the first stage in the manner outlined 
above. When this stage is properly in tune, reconnect 
resistor Rl and connect the preamplifier unit i-f output 
coaxial line to the input of the receiver. 


(3) To align the two preamplifier i-f stages, connect the 
generator to the preamplifier by removing the crystal and 
connecting the sweep generator leads across the coaxial 
crystal mixer output as follows: Place a 1,000-ohm resis- 
tor in series with the nongrounded output lead of the 
sweep generator. The 1,000-ohm resistor is so placed 


that its other pigtail lead makes contact at the bottom of | 


the crystal socket. With the second sweep generator lead 
grounded, set the sweep generator frequency to 30 mega- 
cycles and adjust for 50 percent modulation at approxi- 
mately 1,000 cycles. 


(4) Tune the grid inductances in the two preamplifier 
stages in the same manner as outlined above for the 
receiver proper. 


(5) To complete the i-f alignment of the receiver and 
preamplifier, make certain that the maximum signal out- 
put is obtained from all stages after they have been tuned. 


d. Test Bench Alignment of the AFC Circuit. The 

AFC circuit of the radar receiver can be aligned by mak- 
ing use of the same test equipment and connections used 
for the i-f alignment procedure. It is done in the follow- 
ing manner: 
(1) Tune capacitor C34 (using a nonmetallic screw- 
driver) for a maximum signal on the test oscilloscope. 
To observe this signal, place the oscilloscope test lead at 
test point TP] in the radar receiver discriminator circuit. 
If tuning C34 produces no signals, detune C36 slightly 
until a signal appears, then set C34 to make the signal a 
maximum. _ 
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(2) Place one of the oscilloscope leads on the grid of 
V11 (pin 4) and the other lead to the chassis ground. 
Observe the peak output when the sweep generator fre- 
quency is changed gradually from 28 to 32 megacycles. 
Tune C34 so that the output is symmetrical above and 
below 30 megacycles. The sweep generator output must 
be kept low enough so that the grid of V11 is not driven 
positive at any time. ‘ 
(3) When capacitor C34 has been correctly tuned, set 
the sweep generator output to 30 megacycles and tune 
C36 for zero signal. Tuning the signal generator through 
30 megacycles should then give the zero signal at the 
30-megacycle setting and a symmetrical output for fre- 
quencies above and below 30 megacycles as illustrated 
in figure 61. 

(4) The final tuning of the AFC discriminator circuit 
should be done when the receiver is reinstalled in Radio 
Set AN/MPN-1. The complete field tuning procedure for 
the AFC circuit is given in paragraph 181. 


SECTION IV 
INDICATING SYSTEM 


185. REFERENCE DATA. 
a. Search Indicator ID-35/MPN-1. 


(1) Figure 71. Front view, showing contro] panel. 
(2) Figure 342. Rear view. 

(3) Figure 72. -Schematic diagram. 

(4) Figure 346. Waveforms. 

(5) Figure 348. Voltage chart. 


b. Search Central SN-6/MPN-1. 


(1) Figure 68. Front view, showing control panel. 
(2) Figure 343. Top view. 

(3) Figure 344. Bottom view. 

(4) Figure 345. Mounting boards. 

(5) Figure 86. Schematic diagram. 

(6) Figure 347. Waveforms. 

(7) Figure 349. Voltage chart. 

(8) Figure 350. Resistance chart. 


c. Intercommunications Panel SB-2/MPN-1. 


(1) Figure 70. Front view. 

(2) Figure 443. Top view. 

(3) Figure 444. Bottom view. 

(4) Figure 85. Radar control circuit. 


d. General. 
(1) Figure 400. Cabling diagram bays 4, 5, and 6. 


(2) Figure 254. Resistor color code. 
(3) Figure 253. Capacitor color code. 
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186. PROCEDURE. The search indicator system con- 
sists of two search indicators, two search centrals, and the 
radar control circuit of the intercommunications panel. 
By treating these components together, it has been pos- 
sible to arrange trouble-shooting procedures into a logical 
sequence. In drawing up the chart, advantage was taken 
of the duplication of equipment which frequently makes 
it possible to locate a fault by merely flipping a switch. 
All of the faults considered occur as indications on the 
indicator cathode-ray tubes. There usually exist several 
- possible causes of any fault appearing. The purpose of 
the trouble-shooting chart is to trace the fault first to a 
definite circuit and then to a particular stage. The isola- 
tion of a fault to a given stage will generally be followed 
by a systematic check of voltages and resistances to locate 
the defective component. Instructions for performing 
these tests will be found in chapter 6. Following the 
procedure of the chart will often lead logically to some 
circuit external to the search indicator system. Trouble 
shooting will then be continued by referring to the section 
on the particular system involved. Disassembly of units 
during trouble shooting will be held to a minimum. Cable 
connections are not to be removed until their removal is 
directed in the trouble-shooting chart. Be careful to avoid 
damaging the heads of the terminal screws or the threads 
of the terminal boards. The following subparagraphs 
give hints as to the best method for working on each of 
the component units. 


a. The Search Indicator. Most of the tests that 
must be made on the search indicator can be performed 
without removing the unit. In general it will be neces- 
sary only to remove the panel section just over the unit. 
_This gives access to the terminal board and to the filament 
transformer. If it is necessary to examine the connections 
to the resistor strips or potentiometers remove the front 
section of the top of the unit. 


b. Search Central. Most of the trouble shooting 
work that will be required on the search central may be 
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performed without removing the unit. By removing the 
section of the operating desk in front of the search central, 
the unit may be slid out far enough to give access to the 
wiring and components under the chassis. Access to the 
four terminal strips may be had by lifting out the remov- 
able section at the center of the search central panel. It is 
not necessary to remove the terminal strips. Many troub- 
les may be diagnosed by checking the terminals of the 
search central with the oscilloscope or volt-ohmmeter. 
The principal waveforms are obtained from test points 
located on the chassis. Many faults will be traceable to 
poorly adjusted controls. Controls most frequently needed 
are adjusted by knobs on the search central, search indi- 
cator, or intercommunications panel. Controls less fre- 
quently adjusted, whose setting are semipermanent in 
nature, have screwdriver adjustments accessible at the 
panel or on the floor of the chassis. Such controls gener- 
ally require readjustment only when some change has 
been made in the circuit such as the installation of a new 
tube or the replacement of a circuit component. Typical 
controls of this type are the circularity and centering 
controls on the search central panel. Direction for setting 
up controls on the search central will be found in para- 


graph 188. 


c. Intercommunications Panel. The complete re- 
moval of the intercommunications panel is a job requiring 
hours of work. However, it will not be necessary to re- 
move the panel for the performance of trouble-shooting 
checks. Sufficient access to the panel for trouble-shooting 
work may be had by removing the four screws which hold 
the panel in the rack and pulling it forward onto the 
operating desk. The intercommunications panel contains 
a complicated mass of wiring since it includes not only 
many of the controls related to the search indicator sys- 
tem, but those associated with the communications and 
intercommunications equipment at the search operating 
position as well. 


187. TROUBLE-SHOOTING CHART FOR SEARCH INDICATING SYSTEM. 


A. SYMPTOMS: 


1. No spot or trace on one PPI. 


2. Other PPI normal. 


3. Precision scopes and transmitter normal. 





PROBABLE LOCATION OF FAULT 


1. Sweep intensity control. IL. 


PROCEDURE 


Turn up the sweep intensity control to ascertain if a spot can be 


obtained by this means. 
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2. Line voltage supply. 2. 
3. CRT heater voltage supply. 3. 
4. CRT bias. 4. 
5. CRT anode high voltage. 5. 
6. Open CRT heater. 6. 
7. Mechanical centering adjustments. i 
8. Defective CRT. 8. 


B. SYMPTOMS: 


Note if the map light on the search central and the compass rose 
lights on the indicator unit are operating. Failure of these lamps 
to light indicates trouble either in connections to the power line 
or in the filament transformers of the units. 

Check voltage between terminals 6 and 8 on the filament trans- 
former T1 in the indicator unit. This reading should be 6.3 volts. 
Check voltage at terminal 20-7 of the indicator unit. This reading 
should be 10 to 80 volts depending on the position of the SWEEP 
INTENSITY control. If voltage exceeds 80, check capacitor C17 
in the search central for short circuit. 

Turn off switch SW11 on the main distribution panel and check 
to make sure plug PLI is firm in its socket. 

Remove the metal cap from the top of the tube housing, discon- 
nect the tube socket, and check continuity of heater. 

Check the adjustment of mechanical centering controls as ex- 
plained in paragraph 188 of this section. 

If none of the preceding steps has cleared the fault, replace the 
eathode-ray tube according to the instructions given in paragraph ~ 
189 of this section. 


1. Intense uncontrollable spot on one PPI. 


2. Other PPI normal. 


3. Precision scopes and transmitter normal. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. CRT bias circuit. la. 


C. SYMPTOM: 


Check voltage at terminal 20-6 of the indicator unit. This reading 
should be 270 volts. 


. Absence of this voltage indicates trouble in Rectifier Power Unit 


PP-27 or in the wiring which supplies this voltage from the 
search central to the indicator. 


. Lift off removable section at the center of the search central panel 


and check for the presence of the 270-volt regulated supply at 
terminal 25-6 of the search central. 


. Turn off the voltage supply to the search indicator system, remove 


terminal strip 20 and measure the resistance between terminal 
20-6 and ground. The resistance should be approximately 93K. 
High resistance indicates an open resistor R1 or potentiometer P2. 


. Check the resistance between terminal 20-7 and ground. This 


resistance should vary from 22K to 47K as the sweep intensity 
control is moved from maximum to minimum brilliance posi- 
tions. A constant value of 25K indicates that capacitor C2 is 
shorted. A high value of resistance indicates an open resistor R3 
or potentiometer P2, or a faulty sliding contact in potentiometer 


P2. 


1. Spot appears on PP] but cannot be focused. 
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PROBABLE LOCATION OF FAULT PROCEDURE 


1. 300-volt supply to focus coil. la. Check voltage at terminal 20-5 of the indicator unit. This read- 
ing should be 300 volts. Absence of voltage at terminal 20-5 
indicates trouble either in the wiring which supplies this voltage 
to the indicator unit or in Rectifier Power Unit PP-27. Low volt- 
age indicates a probable short to ground in the focus or deflec- 
tion coils. 


b. Check voltages at terminals 25-2 and 26-4 in the search central. 
Presence of the 300-volt supply at these terminals indicates an 
open circuit in the wiring which conveys this voltage to the 
indicator unit. 


c. If the 300-volt supply is not present at terminals 25-2 and 26-4, 
trouble shoot Rectifier Power Unit PP-27 according to the pro- 
cedure given for that unit. 


d. Low voltage at terminal 20-5 indicates a possible short to ground 
in the deflection coils. Turn off voltage supply to the indicators 
and check resistance between terminals 21-3, 21-4, 21-7, and 21-8 

_and ground. A reading less than 20K on any of these indicates a 
grounded deflection coil. 


2. Turn off the voltage supply to the indicators at the main distri- 
bution panel, remove terminal strip 20, and check continuity 
between terminal 20-5 and ground. This reading should be 20K 
to 45K depending upon the position of the focus control. A read- 
ing greatly exceeding these values indicates that either the focus 

coil L1 or the focus contro] P3 is open. 


D. SYMPTOM: 


1. Spot off center. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Electrical centering control. I. Adjust electrical centering control until the focused spot at the 
center of the screen appears superimposed von the “main bang” 
pin on the search central panel. 


2. Mechanical centering adjustments. 2. If the adjustment afforded by the electrical centering control is 

| not sufficient to bring the focused spot to the center of the screen, 
further adjustment can be made by means of the three knurled 
screws which are equally spaced about the cathode-ray tubes 
housing. These should be adjusted as directed in paragraph 188 
of this section. 


3. Defective tubes in the sweep circuit. 3. An off-centered sweep may indicate a defective tube in the sweep 
circuit. This however will give. rise to additional indications of 


trouble. Either the sweep will be absent or it will be distorted, 
and the checks should be continued as directed under symptom G. 


1. No sweep on either PPI. 
2. Normal focused spots appear at centers of screens. 


3. Precision scopes and transmitter normal. 
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PROBABLE LOCATION OF FAULT PROCEDURE 


1. Negative trigger pulse. la. Switch to internal triggering. 

: b. If a sweep is obtained with internal triggering, check the external 
trigger line with an oscilloscope, beginning at terminal 23-4 of 
search central. Continue by checking for the trigger pulse at 
terminals 32-3 and 32-7 of the intercommunications panel. 

c. If the trigger appears at terminal 32-3 and not,at terminal 32-7, 
examine trigger selector switch for faulty contact. 

d. If the trigger appears at all of the above mentioned points, there 
remains the possibility that it may be of insufficient amplitude. 
Check the wiring and continue trouble shooting in the synchro- 
nizer according to the procedure given for that unit. 


2. Sine potentiometer. 2a. Reverse position of toggle switch on intercommunications panel 
which controls selection of sine potentiometer voltage supply. If 
sweep appears on one PPI, trouble is in the Rectifier Power Unit 
PP-27 which supplies the other PPI. Check at terminals 26-6 
and 26-8 of the search central for the presence of the negative 
150-volt and positive 270-volt supplies. 

b. Using a d-c meter, check the voltages at terminals 24-1, 24-2, 
24-3, and 24-7 of the search central, with the search antenna run- 
ning. These voltages vary continuously from.150 volts positive 
to 150 volts negative. Absence of any one of these voltages will 
cause distortion of the trace rather than a complete disappear- 
ance of the trace. 


F. SYMPTOMS: 
1. No sweep on one PPI; spot appears at center of screen. 
2. Other PPI normal. 


3. Precision scopes and transmitter normal. 


PROBABLE LOCATION OF FAULT PROCEDURE 


1. 300-volt supply to deflection coils. la. Test operation of focus control. If electron spot cannot be 
focused, refer to symptom C. 

b. Check voltage at terminals 25-3, 25-4, 25-7, and 25-8. Each 
should measure 300 volts. 

c. The absence of all of the above voltages indicates an open con- 
nection to the center taps of the deflection coils. The absence of 
one or more of these voltages indicates an open deflection coil. 
The check should be continued by removing voltage from the 
unit and checking the deflection coils for continuity. 


2. Negative trigger input. 2a. Check for the presence of the negative trigger pulse at terminal 
23-4 of the search center. 
b. If the trigger pulse is absent, check the negative trigger line to the 
intercommunications panel. 
c. As an additional check, patch from terminal 23-3 to terminal 
23-4 and switch to internal triggering, making sure that the trigger 


, is taken from the search central which is apparently giving 
trouble. 
d. If the negative trigger pulse is present at terminal 23-4, proceed 
as directed below. 
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3. Gating multivibrator. 3a. Check the waveform at TP2. If the negative-going square wave 
is not obtained at this point, replace the gating multivibrator 

¢ tube V5. 


b. If replacing the tube fails to clear the fault, measure the voltages 
at the tube socket and check them against the tube socket voltage 
chart. 


4. Sweep circuit. 4a. Check at the grids of switch tubes V9, V10, V11, and V12 for the 
presence of the negative-going square gating pulse. 


b. Check socket pin voltages of switch tubes and sweep amplifiers. 


1. Distorted sweep. 


2. Range markers distorted or elliptical in shape. 
3. Normal or abnormal sweeps appear on all indicators. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. Circularity adjustments. 1. If the sweep is elliptical rather than circular, adjust the circularity 
controls which are located on the search central panel. 

2. Input from sine potentiometer. 2a. Check at terminals 24-1, 24-2, 24-3, and 24-7 in the search central 


for the presence of the sinusoidally varying voltages from the 
sine potentiometer. The absence of any one of these components 
will cause severe distortion of the trace. 

b. If one or more of the sinusoidally varying voltages is absent, 
check the wiring to the sine potentiometer. 

3. Sweep circuits. 3a. Check at the grids of the switch tubes for the presence of the 

negative-going gating pulse. 

b. With the antenna operating, check the waveforms obtained at 
terminals 25-3, 25-4, 25-7, and 25-8, noting the amplitude of each. 
If any of these voltages is noticeably greater or less than the 
others, replace the sweep amplifier tube in that stage. 

c. If replacing the sweep amplifier tube does not improve the wave- 
form, replace the switch tube. 

d. If fault is not cleared by replacing tubes, make a systematic 
check of socket pin voltages and resistances. 


H. SYMPTOM: 


1. Return trace not properly blanked. 





PROBABLE LOCATION OF FAULT _ PROCEDURE 


1. Intensifying voltage circuit. la. Turn down the sweep intensity control until the return trace dis- 
appears. Turn down the sweep intensity control until the outward 
moving trace is of normal intensity. 

b. If the return trace persists and is approximately the same intens- 
ity as the normal trace, measure the voltage at terminal 21-2 of 
the search indicator. This reading normally should be approxi- 
mately 200 volts. 


Pe 
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2. Gating multivibrator. 


Trouble Shooting in the Search System Par. 187 


Cc. 


o 


If the voltage at terminal 21-2 is noticeably higher than 200, 
check this terminal with an oscilloscope for the presence at the 
positive-going square wave from the gating multivibrator. 


. Check at terminal 24-8 of the search central for the positive- 


going square wave of the gating multivibrator. If the positive- 
going square wave is obtained at this terminal, check the wiring 
between the search central and the search indicator; that is, from 
terminal 24-8 to 21-2. 


. Replace gating multivibrator tube V5 in the search central. 


. If replacing the tube fails to clear the fault, measure the voltages 
at the socket pins of V5. 


1. Trace disappears following a strong signal. 





PROBABLE LOCATION OF FAULT 
1. Clamping diode. 


jJ. SYMPTOMS: 


PROCEDURE 


I. 


Replace clamping diode V1 in the indicator unit. 


1. No echoes or very weak echoes on the PPI. 


"2. Synchroscope shows normal signal intensity. 





PROBABLE LOCATION OF FAULT 


1. Video brilliance control. 


2. Clamping diode. 


3. Intercommunications panel. 


4. Wiring. 


PROCEDURE 


1. 


2a. 
b. 


3a. 


Turn up the video brilliance control to ascertain if signals can 
be brought to proper intensity. 


Replace clamping diode V1 in the indicator unit. 


Check the operation of potentiometer Pl for a defective sliding 
contact. 


. Check the resistance from terminal 21-1 to ground. This should 


be 2,000 ohms. A high resistance recording indicates an open 
potentiometer P1. 

Remove the intercommunications panel and patch from terminal 
33-3 to either 33-4 or 33-8, depending upon whether the channel 


_ A or the channel B receiver is being used. 


. If signals are now obtained on the PPI, trouble in relay RY1 is 


indicated. 


. Remove terminal strip 33 and check the continuity of the con- 


tacts of relay RY1 between terminal 33-3 and either terminal 
33-4 or 33-8, depending upon which channel fails to work. 


If none of the above procedures produces echoes on the screen 
of the PPI, check the wiring from terminal 33-3 of the inter- 
communications panel to termina] 21-1 of the search indicator. 
If these connections are found to be continuous check the wiring 
from terminals 33-4 and 33-8 to the receivers. This investigation 
may be made by stopping the search antenna on a strong perma- 
nent echo and tracing the signal by means of an oscilloscope. 
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K. SYMPTOM: 


1. Range markers do not appear; sweep trace otherwise normal. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Range marker brilliance control. 1. Turn up the range marker brilliance control on the search central 
panel to ascertain if range markers may be obtained by this © 
means. 

2. Cathode circuit of CRT. 2. Using an oscilloscope, check at terminal 20-7 of the search indi- 


cator for the presence of the range markers. Similarly, check 
terminal 24-4 of the search central. If range markers appear at 
either of these two points, the wiring is defective. 

3. Mixer amplifier circuit. _ 8a. Check test point TP4 on the search central chassis with the oscill- 
oscope. If range markers appear at this point, trouble in the 
mixer amplifier circuit is indicated. 

b. Replace V6, the mixer amplifier, and recheck terminal 24-4. 

c. If replacing V6 fails to clear the fault, continue with a check of 
socket pin voltages and resistances to locate defective component. 

4. Range marker circuit. 4a. If no output was obtained at TP4 in the tests made above, check 
TP3 in a similar manner. 

b. If an output of the proper amplitude and form is obtained at 
TP3, replace V4 and again check for output. If replacing the 
tube fails to clear the fault, continue with a detailed check of 
voltages and resistances at the socket pins of V4, paying particu- 
lar attention to the possibility of an open coil L2 or a defective 
potentiometer P2. 

c. If no output was obtained at TP3, check at the grid (pin 1) of 
V3 for the negative-going gating pulse. If the gating pulse ap- 
pears at this point, replace V3. If replacing the tube fails to 
clear the fault, continue- with a detailed voltage and resistance 
check, paying particular attention to the adjustment of the 270- 
volt regulated supply. If this voltage is not of the proper value, 

ringing oscillator will not operate. 


1. Too few or too many range markers. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Expansion voltage applied to sine poten- la. If too few range markers appear on the screen it may be due to. 
- tiometer. too great expansion voltage, causing the trace to extend off the 
edge of the tube. 


b. Adjust the expansion voltage if necessary by means of R46 in the 
search central. 

2. Gating pulse. 2a. If too many or too few range markers appear on the PPI screen, 
the difficulty may be due to a gating pulse of improper width. 
b. Width of the gating pulse of the 30-mile range may be adjusted 
by means of P10 in the search central: There is no control pro- 
vided for varying the width of the gating pulse when using the 

7.5- or 15-mile timebases. 
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3. Range marker frequency adjustments. 3. By using a fixed echo at a known distance, check the frequency 
of the range marker oscillator. If the distance of the fixed echo 
is not accurately known, it may be determined roughly by check- 
ing on the precision system. 


M. SYMPTOM: 


1. No identification strobe pulse. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Identification strobe intensity and position la. Turn up the identification strobe intensity control, making sure 
controls. that the strobe has been switched to the proper position at the 


intercommunications panel. Adjust the position control to bring 
the strobe within the sweep range being used. 


b. If this fails to bring the strobe onto the screen, proceed as 
directed below. 


2. Mixer amplifier circuit. 2. Using an oscilloscope, check for the presence of the strobe pulse 
at terminal 23-6 of the search central. If the pulse is obtained at 
this terminal, trouble is indicated in the mixer amplifier circuit. 


3. Identification strobe circuit. 3a. Check for the strobe pulse at terminal 23-5 of the search central. 
b. If the strobe pulse is obtained at terminal 23-5, proceed to item 4 
below. 


c. If the pulse is not obtained at terminal 23-5, check the output of 
test point TP5. This test point should show a positive-going 
square wave variable in width by means of the strobe position 
control. 


d. If the variable square wave is not obtained at TP5, trouble is in 
the variable multivibrator V7. Continue with a detailed check of 
socket pin voltages and resistances. 


e. If the variable square wave is present at TP5, trouble is indi- 
cated in the circuit of V8. Check the waveforms obtained at 
socket pins 1 and 4, and continue if necessary, with a detailed 
voltage and resistarice check. 


4. Intercommunications panel. 4a. If in checking the output of terminal 23-5 as directed in 3a, the 
strobe pulse was found to be present, it will be necessary to check 
the switching circuits in the intercommunications panel. 


b. Check the operation of the four identification mark switches on 
the intercommunications panel by attempting to switch the 
strobe outputs of the two search centrals and various precision 
indicators. ; 


c. Remove the rack mounting screws and pull the intercommunica- 
tions panel out onto the operating desk as far as possible without 
removing the cables. Check at terminals 30-8 and 30-1 for the 
strobe pulses from search centrals 1 and 2, respectively. Absence 
of either of the pulses at these terminals indicates trouble in the 
wiring external to the intercommunications panel. If the strobe 
pulses are present at terminals 30-8 and 30-1, remove line voltage 
and check continuity of switch contacts. 
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N. SYMPTOM: 
1. Identification strobe intensity is unequal. 
PROBABLE LOCATION OF FAULT PROCEDURE 
1. Mixer amplifier tubes. 1. Since there is no control governing the outputs of the strobe 


intensities from the two search centrals, the only way of balanc- 
ing these outputs is to properly match the tubes used in the mixer 
amplifier circuit. This is done by trial, exchanging tubes until a 
suitable balance is obtained. 


O. SYMPTOMS: 


1. No PPI trace with internal trigger from one search central. 


2. Normal operation with internal trigger from other search central. 
3. Normal operation with external trigger. 





PROBABLE LOCATION OF FAULT PROCEDURE 


l. Trigger circuit voltage supply. la. Check at terminal 23-7 in the search central for the presence of 
the 270-volt regulated supply. 


b. If the 270-volt supply does not appear at terminal 23-7, refer to 
item 3a below. 


2. Auxiliary trigger circuit. 2a. Check at terminal 23-3 for the presence of the negative-going 
trigger pulse. 


b. If the negative-going pulse is obtained at terminal 23-3, check 
for the same pulse at terminal 23-4. If the pulse is not present 
at termma! 23-4, proceed to item 3d below. 


c. If the negative-going pulse was not found at terminal 23-3, check 
terminal 23-8 in the search central with an oscilloscope for the 
presence of the positive-going trigger pulse. The presence of this 
pulse indicates that the oscillator and positive trigger amplifier 
are operating normally, and trouble is indicated in the negative- 
going pulse ampkifier, V1(b). Make a voltage and resistance 
check to isolate the defective component. 

d. If no positive-going pulse is obtained at terminal 23-8, the fault 
is probably in the oscillator circuit. Replace V1 and, if replacing 
the tube fails to clear the fault, continue with a detailed voltage 
and resistance check at the socket pins of V1. 


3. Intercommunications panel. 3a. If in the check made in la above, the 270-volt supply is not found 
| at terminal 23-7 with the trigger selector switch in the proper 
position, trouble is indicated in the trigger selector switch on the 

intercommunications panel. 

6. Unfasten the intercommunications panel from the rack and pull 
it as far out onto the operating desk as the cables permit. Check 
at terminals 32-6 and 32-4 for the presence of the 270-volt 
supply from search centrals 1 and 2, respectively. If either 
voltage supply fails to appear, trouble is indicated in wiring 
external to the intercommunications panel. 
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c. If both 270-volt supplies are present at terminal strip 32, check 


the voltage at either terminal 33-5 or terminal 32-8, depending 
upon whether search central 1 or search central 2 is being used. 
During this measurement, be sure that the trigger selector switch 
is in the proper position. Failure of the voltage to appear at 
terminal 33-5 or 32-8 with the trigger selector switch in the 
proper position indicates a faulty switch contact: 

. If in 2b above, the trigger appears at terminal 23-4 in the search 
central and not at 23-3, place the trigger selector switch in the 
proper position and check at each of terminals 33-6 and 33-7 
for the presence of the negative-going trigger pulse. 

. Absence of the negative-going pulse at these terminals indicates 
‘trouble in the wiring between the search central and the inter- 
communications panel. 


If the negative-going pulse is obtained at terminals 33-6 and 33-7, 
check for it at terminal 32-7 with the trigger selector switch in 
the proper position. If the trigger pulse appears at terminals 
33-6 and 33-7 and not at terminal 32-7, trouble in the selector 


switch is indicated. 
Neer ee ee eee eee reece ——————— LL 


188. ALIGNMENT OF CONTROLS. 

a. Mirror. The semitransparent mirror must be 
aligned so that the reflected image of the PPI screen 
appears to lie in the plane of the map which is mounted 
on the search central panel. An improper adjustment 
results in parallax and the reflected image appears to 
shift its position relative to the map as the observer shifts 
his head. To adjust the mirror, loosen the locknuts on the 
three adjusting screws, and turns the screws by means of 
the knurled head until the position of the reflected image 
appears satisfactory. 

b. Main Bang Pin. The main bang pin, located near 
the center of the search central panel, is adjustable in 
position. Loosen the two locking screws which hold the 
metal slide upon which the pin is mounted, and move 
the pin until it appears to lie on the center line of the 
fuselage and about two-thirds of the way back on the 
wing surface of the airplane image on the navigating 
head. 

c. Centering Controls. The vertical and horizontal 
centering controls are accessible by means of a screw- 
driver from the front of the search central panel. These 
controls should be adjusted until the transmitter pulse 
appears superimposed upon the main bang pin on the 
search central panel. 

d. Circularity Control. A circularity control for 
each of the three ranges available with the search system 
is accessible by means of a screwdriver at the front of 
the search central panel. These controls+ are set by 
switching to each range in turn and adjusting the con- 
trol until the range marker circles appear perfectly 
circular. 


e. Mechanical Centering Controls. lf the sweep 
cannot be centered by means of the two centering adjust- 
ments on the search central panel, it will be necessary 
to remove the indicators from the rack, patch into the 
terminal board with long leads, and make adjustments by 
means of the focus coil mounting screws. Before begin- 
ning this adjustment both centering controls should be 
set to their midpositions. Loosen the knurled mounting 
screws and move the focus coil until the spot appears 
centered. Tighten the screws. If this adjustment is made 
properly, the sweep should be nearly enough centered to 
permit the adjustment to be completed by means of the 
electrical centering controls. 


f. Sweep Intensity Controls. The sweep intensity 
control should be adjusted so that the sweep trace is just 
visible on the screen. 


g. Range Marker Brilliance Control. The range 
marker brilliance control, located on the search central 
panel, should be adjusted so that the range markers have 
a brilliance sufficient to paint continuous circles on the 


screen of the PPI. 


h. Focus Control. The focus control should be 
adjusted so that the range markers appear sharp and dis- 
tinct. To achieve the proper focus, it may be necessary 
to readjust the sweep intensity and range marker bril- 
liance controls. 


i. Video Brilliance Control. The video brilliance 
control is set to give echoes the proper intensity. Its 
setting will depend largely on the choice of the operator. 
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Figure 345. Search Central SN-6/MPN-1, mounting boards. 
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1 2 
RANGE MARKERS, V6(a) GATING MULTIVIBRATOR, V5(b) 
30-mile range Terminal 21-2 
Terminal 20-7 Y ATTENUATOR 100:1 
Y ATTENUATOR 10:1 Y GAIN 10 


Y GAIN 10 : 





SWEEP CIRCUIT, V13, V14, SWEEP CIRCUIT, V13, V14, 
V15, and V16 V15, and V16 

7.5-mile range 15-mile range 

Terminals 21-3, 21-4, 21-7, and 21-8 Terminals 21-3, 21-4, 21-7, and 21-8 
Y ATTENUATOR 100:1 Y ATTENUATOR 100:1 

Y GAIN 10 Y GAIN 10 





SWEEP CIRCUIT, V13, V14, 
VIS, and V16 

30-mile range 

Terminals 21-3, 21-4, 21-7, and 21-8. 
Y ATTENUATOR 100:1 

Y GAIN 10 


TL 43480 


Figure 346. Search Indicator ID-35/MPN-1, waveforms. 
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| V2 EXTERNAL TRIGGER GATING MULTIVIBRATOR, V5(a) GATING MULTIVIBRATOR, V5(b) 
Terminal 23-4 Pin 1 Pin 2, TP2 
Y ATTENUATOR 100:1 Y ATTENUATOR 100:1 Y ATTENUATOR 100:1 
Y GAIN 10 Y GAIN 20 Y GAIN 15 





RANGE MARKER CIRCUIT, V4(a) RANGE MARKER CIRCUIT, V4(b) RANGE MARKER CIRCUIT, V6(a) 
30-mile range 30-mile range 30-mile range 

Pin 1, TP3 Pin 4 Pin 1, TP4 

Y ATTENUATOR 100:1 Y ATTENUATOR 100:1 — Y ATTENUATOR 100:1 

Y GAIN 50 Y GAIN 50 Y GAIN 50 








17 
SWEEP CIRCUIT, V13, V14, SWEEP CIRCUIT, V13, V14, SWEEP CIRCUIT, V13, V14, 
V15, and V16 V15, and V16 V15, and VI16 
7.5-mile range I5-mile range 30-mile range 
Pin 3. terminals 25-3, 25-4, 25-7, and 25-8 Pin 3, terminals 25-3, 25-4, 25-7, and 25-8 Pin 3, terminals 25-3, 25-4, 25-7, and 25-8 
Y ATTENUATOR 100:1 Y ATTENUATOR 100:) Y ATTENUATOR 100:1 
Y GAIN 10 Y GAIN 10 Y GAIN 10 


TL 43479 


Figure 347. Search Central SN-6/MPN-1, waveforms. 
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NOTE. 

ALL CONTROLS FULLY CLOCKWISE. 

MALE AND FEMALE CONNECTOR STRIPS ATTACHED 

—.& SCT-IF TO SGT-IM AND SCT-2F TO SCT-2M. 

FOCUS COIL RESISTANCE 22K. 

DEFLECTION COILS RESISTANCE 750 OHMS (TERMINALS 7 TO8 
AND TERMINALS 3 T04). 


GY 25K (R 

H a OQ) o, 280 (V) 
ol > ee 

E | XX 280 (V) 

: m* 25K (R) 

A | 280 (Vv) 


ET 
25K (R) 
Uz // 280 (V) 











25K (R) 
280 (V) 
NC NC 
NC o (R) 
80(V) 
ms ae 25K (R) oop 25K (R) 





TL 36016A 


Figure 348. Scarch Indicator ID-35/MPN-I, voltage 


and resistance chart. 
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Figure 349. Search Central SN-6/MPN-1, voltage chart. 
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Figure 350. Search Central SN-6/MPN-1, resistance chart. 
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189. REPLACING CATHODE-RAY TUBE. To re- 
move an indicator cathode-ray-tube, it will first be neces- 
sary to remove the semitransparent mirror. Be careful, 
during the removal of the mirror, to avoid disturbing the 
positions of the three knurled adjusting screws. Remove 
the two round-headed screws which hold each of the three 
metal strips through which the adjusting screws pass. 
Carefully lower the mirror from its position in the unit 
and set it aside. Remove the shield which surrounds the 
indicator tube screen, and dismantle the compass rose 
and navigating head assemblies. To gain access to the 
rear of the unit, remove the section of the rack panel 
which is just above the indicator unit. Loosen the screws 
which hold the metal cap of the cathode-ray tube housing, 
and remove the cap. Remove the cathode-ray tube socket. 
Pull the cathode-ray tube out through the front of the 
unit. To install the new tube, repeat the above operations 
in the reverse order. 


190. ADJUSTMENT OF TRACE EXPANSION. 
The length of the trace which appears on the cathode-ray 
tube depends on the adjustments of the following: 


a. Expansion Control in Search Central. Adjust- 
able resistor R46 in the search central determines the 
value of the positive voltage fed to the sine potentiometer. 
This resistor, which may require adjustment when a new 
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cathode-ray tube is installed, is mounted under the search 
central chassis. 


b. 4-kv Power Supply. The anode high voltage 
applied to the cathode-ray tube determines the axial 
velocity of the electrons composing the cathode-ray beam, 
and thus determines the deflection produced by a given 
deflecting force. Consequently, the voltage provided by 
the 4-kv power supply, Rectifier Power Unit PP-23, deter- 
mines the length of the PPI trace. This voltage may be 
controlled by potentiometer Pl, which is adjustable by 
means of a screwdriver through a hole in the top of the 
power supply chassis. 


c. Deflection Coils. Expansion is also determined 
by the position of the deflection coils between the cathode 
and screen. The position of the deflection coils may be 
adjusted in the following two ways: . 
(1) Remove the screws which secure the deflection coil 
yoke to the tube housing. Move the yoke forward or back 
to the desired position and reinsert the screws. This 
adjustment permits the deflection coils to be mounted in 
any one of three definite positions. If intermediate posi- 
tions are required, use the procedure given immediately 
below. 

(2) Loosen the retaining ring which holds the tube hous- 
ing to the rest of the unit. Move the tube housing in or 
out to the position required. Tighten the retaining ring. 
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CHAPTER 8 


TROUBLE SHOOTING IN THE PRECISION SYSTEM 


SECTION I 
TRANSMITTING SYSTEM 


WARNING: Voltages sufficient to cause death on contact are exposed at 
many points in Radio Frequency Unit RF-6/MPN-1 and in Modulator MD- 
11/MPN-1. Do not place hands or arms within these units with the high 


voltage on. Do not make any connections into these units which bring high 
voltages out to an exposed point. Make all tests with high voltage off. 
Always ground high-voltage capacitors before touching them or their 
associated parts. 


191. REFERENCE DATA. 
a. Modulator MD-11/MPN-1, 


(1) Figure 324. Front view. 

(2) Figure 325. Right oblique view. 

(3) Figure 326. Rear view. 

(4) Figure 327. Subchassis, bottom view. 

(5) Figure 25. Schematic diagram. 

(6) Figure 328. Waveforms. 

(7) Figure 329. Voltage and resistance chart. 
b. Radio Frequency Unit RF-6/MPN-1, 

(1) Figure 351. Front view. 

(2) Figure 352. Front oblique view. 

(3) Figure 353. Rear oblique view. 

(4) Figure 95. Subchassis assembly. 

(5) Figure 96. Schematic diagram. 
c. General. 

(1) Figure 217. Rectifier Power Unit PP-26/MPN-1 

(transmitter HVPS), schematic diagram. 


(2) Figure 85. Intercommunications panel, radar con- 
trol circuit. 
(3) Figure 214. Control Box C-61/MPN-1, schematic 


diagram. 
(4) Figure 253. Capacitor color code. 
(5S) Figure 254. Resistor color code. 
(6) Figure 255. Tube base chart. 


192. SPECIAL: INFORMATION. 


a. Overload Relay Adjustment. An overload relay 
is located in Confrol Box C-61 and is common to both 


the search and precision transmitting systems. The over- 
load relay (relay RY3 in channel A and relay RY4 in 
‘channel B) is so designed that it will trip on an overcur- 
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rent greater than 60 ma. Should the overcurrent relay 
trip continually at a lower current value, the relay should 
be adjusted by setting the pointer on the relay to 60 ma 
(refer to pars. 94 and 163). 


b. Test Points. Two test points are provided on the 
front panel of the modulator unit. At these test points 
should appear the S and X modulator output waveforms. 
These waveforms may be monitored by connecting the 
test jacks to the synchroscope in the transmitter rack. 


c. Metering Circuit. An S and an X meter are pro- 
vided in Control Box C-61, the latter of which can be 
utilized to aid in the location of faults in the X-band 
transmitting system. The X-band magnetron current can 
be read with the control box selector switch in the I MAG 
“X” position. In this position, the X meter will read 12 
to 16 ma under normal operating conditions. With the 
selector switch in the H.V. “X” position, the X meter will 
read the high-voltage output (12 kv) of Rectifier Power 
Unit PP-26 which is applied to the X-band switch tubes 
in the modulator. Abnormal meter readings are, in gen- 
eral, an indication of trouble in the transmitting system 
and are used as such in the start procedure trouble-shoot- 
ing chart (ch. 6, sec. III) to isolate troubles to either the 
search or precision transmitting systems, and in some 
cases to certain components within these systems. 


d. High-voltage Power Supply Adjustment. The 
high voltage applied to the X-band switch tubes is dropped 
from the full output of PP-26 by means of a voltage 
divider’ network across the output of the high-voltage 
power supply. Twenty taps are provided on the voltage 
divider and the X-band high voltage can be varied by 
changing the location of plug SW3. The location of the 
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plug in the jacks (1-20) should be varied until the X-band 
high-voltage reading (H.V. “X’’) is 12 kv at the same time 
that the S-band high-voltage reading (H.V. “S”) is 14 
kv. In some cases the magnetron may not oscillate prop- 
erly at 12 kv and it will be necessary to slightly raise or 
lower the X-band high voltage in order to obtain the 
proper magnetron current (12 to 16 ma). 


WARNING: Make certain the high voltage is 
turned off and the capacitors in PP-26 are fully 
discharged before making the foregoing adjust- 
ment. 


193. PROCEDURE. 

a. In Radio Set AN/MPN-1 the search and precision 
transmitting systems are closely interrelated by the com- 
mon ‘high-voltage power supply and modulator unit 
which feed both the S- and X-band magnetrons. Because 
of this close relation, faults which occur in one system 
will be reflected as abnormal indications in the other 
system. The start procedure trouble-shooting chart (ch. 
6, sec. III) is used to isolate faults to either of the two 
transmitting systems or to the common power supply 
or modulator unit. Once a fault has been isolated to the 
precision transmitting system, the system trouble-shoot- 
ing chart in paragraph 194 can be used to further trace 
the fault to a defective component. The modulator 
trouble-shooting chart will not be repeated under the 
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precision system, as a complete chart is contained in the 
search transmitting system trouble-shooting data (par. 
166). References to this chart will be made in the prob- 
able location of fault column in the following trouble- 
shooting chart. 


b. Frequently a fault in the transmitting system, such 
as a soft magnetron tube, will result in weak received 
echo signals which could also be caused by both the r-f 
system and the receiving system. In order to definitely 
determine that the fault is in the transmitter, it may be 
necessary to make a power measurement of the output 
of the magnetron. This is accomplished by means of 
Power Monitor TS-36. Instructions for the use of the 
power monitor are given in paragraph 139. Low power 
output as measured at the X-band selector line indicates 
trouble in the precision transmitting system, while normal 
power output at the selector line and low power output as 
measured at a point 30 to 50 feet in front of the radio set 
(par. 139) indicates trouble in the r-f system. In the 
latter case, the waveguide transmission line and antenna 
arrays should be closely inspected for damaged sections 


or faulty connections. 


c. After the fault has been isolated to a defective stage, 
by use of the component trouble-shooting chart, the 
fault can be further isolated by checking the voltage 
and resistance readings as given on the voltage and resist- 
ance charts. 


194, TROUBLE-SHOOTING CHART FOR TRANSMITTING SYSTEM (Isolation of faults to components). 


A. SYMPTOMS: 


1. No main pulse or signal echoes on search or precision indicator scopes. 


2. High-voltage rectifier output voltage and current zero or low, as read on S and X 


meters. 





PROBABLE LOCATION OF FAULT 
1. Input circuit to high-voltage Rectifier 
Power Unit PP-26 defective. 





PROCEDURE 
la. Measure voltage (117 volts ac) between terminals 1 and 6 of 
connector CS 13 on PP-26. 


b. Check continuity of interlock switches in modulator, RF-7, RF-6, 
and PP-26. 

c. Measure the supply voltage at variac terminals and trace circuit 
back until fault is determined. 


2. High-voltage Rectifier Power Unit PP-26. 


2. Refer to paragraph 244 for trouble shooting in the high-voltage 


power supply. 


1. No main pulse or signal echoes on’search or precision indicator scopes. 
2. High-voltage output is normal as read on S and X meters. 


3. Magnetron current zero or low on both S and X meters. 
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PROBABLE LOCATION OF FAULT PROCEDURE 
1. Trigger pulse input circuit to modulator la. Check trigger pulse waveform at modulator input (CS-1, termi- 
defective. nal 1) with test oscilloscope. 
6. Check trigger pulse waveform output at synchronizer terminal 7-4. 
2. Modulator. 2. Check modulator output waveforms with synchroscope at the 


pulse test monitoring points (fig. 16) on the front panel of the 
modulator. If output waveform is distorted or not present and 
input waveform is normal, trouble is in modulator (par. 16). 


C. SYMPTOMS: 





1. No main pulse or signals on precision indicators. 


2. Normal display on search indicators. 
3. X-band magnetron current (I: MAG “X”) zero or low. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Modulator. la. Check the modulator output waveform with the synchroscope at 
the X-pulse test monitoring point. 

b. If the pulse is distorted or does not appear, turn off the power 
from the transmitter rack and remove the plug from jack JK3 | 
in the modulator unit. This is the line that connects the high- 
voltage output pulse to the magnetron. Turn the power on and 
again check the X-output waveform. If the pulse is still distorted, 
refer to the modulator trouble-shooting chart (par. 166). 

2. Radio Frequency Unit RF-6. 2. In b above, if the pulse returns to normal when plug is removed | 
from jack JK3, the fault is in the RF-6 unit (par. 195). 


D. SYMPTOMS: 
1. Weak, unsteady, or abnormal signals on precision indicators and test synchroscope. 
2. Overload relay may or may not kick out repeatedly. 


PROBABLE LOCATION OF FAULT PROCEDURE 

1. Precision transmitting system la. Check the high-voltage power supply meter reading (H.V. “X”). 
If it is low or unsteady, refer to the high-voltage Rectifier Power 
Unit PP-26 (par. 89). 

b. Check the waveform at the X-pulse test monitoring point. If the 
output pulse waveform is not normal, refer to Modulator MD-11 
(par. 166). 

c. Check the magnetron current (I MAG “X”). If it is abnormal, 
refer to the magnetron trouble-shooting chart (par. 195). 

d. Measure the power output of the precision magnetron at the 
X-band selector line (par. 139). Low output indicates trouble 
in the magnetron oscillator. 

2. Precision r-f{ system. 2a. Measure the power output from the precision antennas with the 
power meter (par. 139). Low r-f power output from the antenna 
with normal power at the X-band selector line indicates trouble 
in the search r-f system. Refer to the r-f system trouble-shooting 
chart (par. 199). 

b. If the power output from the precision antennas is normal, fault 
may be in the T-R or R-T switch in the RF-6 unit (par. 199). 
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3. Precision receiving system. | 3. If the power output from the precision antennas is normal, check 
the receiving system sensitivity (par. 207). 
4. Interference. 4. Check for other radar equipment operating in the vicinity, near 


the same frequency as Radio Set AN/MPN-1. 


E. SYMPTOMS: 


1. Grid current meter reading zero for either V6 or V7 in the modulator unit 


2. Search and precision system operating normally. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Grid current metering circuit. la. Check for open resistor, inductor, or broken connection in the 
modulator grid metering circuit. 


b. Check the meter circuit in Control Box C-6l. 


F. SYMPTOMS: 
1. Magnetron current (I MAG “X”’) low. 


2. High-voltage readings normal. 
3. Weak echoes on both search and precision indicators. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. High-voltage metering circuit. 1. The high-voltage meter reading is incorrect. Check resistor R22 
in Rectifier Power Unit PP-26. This resistor should have a value 
of 20 megohms with a tolerance of +10 percent. 


195. TROUBLE-SHOOTING CHART FOR TRANSMITTING MAGNETRON. 


A. SYMPTOMS: 
1. X-band magnetron. current (I MAG “X”) zero. 
2. Qutput pulse from modulator unit normal. | 


PROBABLE LOCATION OF FAULT PROCEDURE : 

1. Magnetron filament transformer, T1 or T2. la. Turn off all high voltage from the transmitter rack (filament 
circuits energized), measure filament voltage at magnetron termi- 
nals (6.3 volts ac). 

b. If filament voltage is zero or low, measure voltage on primary 
winding of T1 or T2 (117 volts ac). 

2. Magnetron filament open. 2. Turn off all high voltage and filament voltage from the transmitter 

rack. Disconnect the filament leads from the faulty magnetron 
and check continuity between magnetron terminals. Replace the 
magnetron tube if filament is open and check alignment of angle 
coupling units (par. 236). 


B. SYMPTOMS: 


1. Low or unsteady output from the transmitting magnetron. 


2. Output pulse from the modulator unit normal. 
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PROBABLE LOCATION OF FAULT PROCEDURE 

1. Defective magnetron tube. 1. Magnetron arcing over internally. Replace the magnetron and 
realign the precision system. See paragraph 196 for aging a new 
magnetron. 


1. High magnetron current (I MAG “X”). 


2. Output pulse width from modulator unit normal. 
3. Overload relay may trip repeatedly. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. Tap on PP-26 misadjusted. 1. Readjust position of tap on high-voltage power supply to obtain 
normal current. 

2. Magnetron filament voltage high. 2a. Measure the magnetron filament voltage (6.3 volts ac) with the 


high voltage disconnected from the transmitter rack. 

b. If the filament voltage is high, measure the primary input to fila- 
ment transformer Tl or T2 (117 volts ac). 

c. If the primary input voltage is high, check that the edi on 
Power Units PE-27-A or the commercial power supply regulator 


is operating. 
3. Magnetron permanent magnet field strength 3. . Test the magnetron permanent magnet field strength with Flux 
"low. Meter TS-15/AP. Refer to paragraph 141 in chapter 6 for the 


test procedure. The normal field strength should be between 
2,300 and 2,500 gauss. Replace the magnet if field strength is low. 


4. Magnetron tube defective. 4. The magnetron may be gassy or defective. Replace the magnetron 
tube. Check alignment of precision system with new magnetron. 
5. PREF is too high. Sa. Check the magnetron current (I MAG “X”) when using the 


No. 1 or No. 2-search central to trigger the modulator. 
b. If the fault is cleared, see section IV of chapter 8 for checking 
the synchronizer master oscillator. 


1. Magnetron current low (I MAG “X”). 


2. Output pulse from modulator normal. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Magnetron filament voltage low. la. Measure the magnetron filament voltage (6.3 volts ac) with the 
high voltage disconnected from the transmitter rack. 

b. If the filament voltage is low, measure the primary voltage on 
transformer Tl or T2 (117 volts ac). A low primary voltage - 
indicates trouble in the regulators on Power Units PE-127-A 
or the commercial power supply regulator. 

c. Normal primary voltage and low filament voltage indicates a 
defective filament transformer. 

2. Magnetron tube defective. 2. Replace the magnetron tube (par. 196). 
3. High-voltage Rectifier Unit PP-26. 3a. Check high-voltage meter reading (H.V. “X”). 

b. Arc-over of bleeder or voltage divider resistors will cause low 
high-voltage output (pars. 89 and 244). 
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T2 
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Figure 352. Radio Frequency Unit RF-6/MPN-1, 
front oblique view. 
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4. Defective high-voltage metering circuit. 
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Pars. 195-196 


4. The high-voltage metering circuit is reading too high. Check 
resistor R22 in PP-26. This resistor should have a value of 


20 megohms with a tolerance of +10 percent. 


E. SYMPTOMS: 


1. Magnetron current (I MAG “X”) unstable. 


2. Signals, as viewed on synchroscope. suddenly disappear as the high-voltage variac 
is turned down. 





A A A AS 


PROBABLE LOCATION OF FAULT 


1. Magnetron tube defective. 


PROCEDURE 


la. Signals should decrease gradually as high voltage is reduced. A 


sudden disappearance of signals indicates a very sharp magnetron 
spectrum and makes tuning difficult. 


b. Replace defective magnetron (par. 196). 


F. SYMPTOM: | 


1. Magnetron blower motor does not operate. 


PROBABLE LOCATION OF FAULT 


1. No power input to the blower motor. 


PROCEDURE 


la. Measure input voltage (117 volts ac) across terminals 1 and 2 
of connector strip CS20A for the channel A motor, and connector 


strip CS20B for the channel 5 motor. 
b. lf there is no voltage across these terminals, check power dis- 
tribution svstem (par. 237). | 
2. Blower motor defective. 2a. Check voltage (117 volts ac) at plug SKI] for channel A blower 
and plug SK2 for channel B blower. 


b. 1f voltage is normal. remove plug and check continuity of blower 
& plug y 
motor. If open or shorted. replace blower motor. 





196. SUPPLEMENTARY DATA. 


a. Replacement of Magnetron. (1) To remove an 

X-band magnetron tube, it is first necessary to remove the 
chassis subassembly from Radio Frequency Unit RF-O. 
To do this, disconnect plug PL]. the preamplifier power 
cable and i-f output cable. and the filament leads to the 
magnetron. Loosen the five hold-down bolts along the 
side of the subchassis and slide the unit directly forward 
out of the rack. Care should be taken not to tilt the 
unit while removing it from the rack so as not to damage 
the waveguide transmission line. 
(2) Loosen the four nuts on the magnetron mounting 
bolts holding the magnetron to the supporting shoulder. 
Lift the magnetron straight up. sliding it out from be- 
tween the pole faces of the permanent magnet. Take 
care at all times that no metallic objects strike the magnet, 
or a loss of field strength may result. With the magnetron 
removed. it is advisable to test the field strength of the 
magnet with Flux Meter TS-15 AP (par. 141). 


(3) To install a new magnetron, follow the reverse of 


the above procedure. Be absolutely certain that the 
magnetron is centered between the poles of the magnet 
and that all fittings line up perfectly before tightening the 
mounting bolts. 


b. Aging Neicly Installed Magnetrons. Jf the mag- 
netron installed is new or has not been used in some time, 
it will be necessary, to age the magnetron according to 
the procedure given in paragraph 168. 


ce. Matching Magnetron Frequencies. When the 
hew magnetron is properly installed, determine its exact 
operating frequency within the limits of the test set ac- 
curacy. This must agree within narrow limits with the 
operating frequency of the magnetron being used in the 
other channel. [If it does not, the scanning patterns of 
the precision antennas will be changed considerably when 
channels are switched. It is advisable to use magnetrons 
in pairs matched as closely as possible. If considerable 
discrepancy is observed between the two channels on re- 
placing one magnetron. replace the other one as well. 
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: Trouble Shooting in the Precision System 


Pars. 197-199 


SECTION H 
R-F SYSTEM 


WARNING: Voltages sufficient to cause death on contact are exposed at 
many points in Radio Frequency Unit RF-6/MPN-1. Do not place hands 
or arms within this unit with the high voltage on. Do not make any con- 


nection into this unit which brings high voltages out to an exposed point. 
Make all tests with high voltage off. Always ground high-voltage capacitors 


before touching them or their associated parts. 





197. REFERENCE DATA. 
a. Antenna Arrays. 
(1) Figure 98. Precision antenna assembly. 
(2) Figure 109. Elevation antenna scanning pattern. 
(3) Figure 112. Azimuth antenna scanning pattern. 


b. R-f Switches. 
(1) Figure 101. X-band and r-f channel switch. 
(2) Figure 103. Switching Unit SA-8/MPN-1. 


c. Radio Frequency Unit RF-6/MPN-I. 
(1) Figure 351. Front view. 
(2) Figure 352. Front oblique view. 
(3) Figure 353. Rear oblique view. 
(4) Figure 95. Subchassis assembly. 
(5) Figure.96. Schematic diagram. 


d. General. 
(1) Figure 333. T-R box recovery time test. 


198. PROCEDURE. 

a. In general, very few faults will occur in the pre- 
cision r-f system due to the nature of its construction. The 
majority of faults that do occur, however, will probably 
lie in the R-T or T-R switches in Radio Frequency Unit 


RF-6. The remainder of the faults will necessarily be of 
a mechanical nature that can best be located by observa- 
tion. These faults include bent or broken waveguide 
sections and connections, misaligned r-f and channel 
switches, and mechanical breakage or wear in the preci- 
sion scanning mechanism. 


b. A trouble-shooting chart for the r-f system is in- 
cluded in the following paragraph to aid in locating any 
faults that may occur. To insure that faults, such as 
weak echo signals, are actually located in the r-f system, 
it will be necessary to check the over-all receiving sensi- 
tivity with Test Set TS-13/AP and a dipole, located in 
front of the trailer approximately 30 to 50 feet (par. 


- 143), If this test shows low sensitivity, again check the 


over-all receiving sensitivity with the test set connected 
to the X-band selector line (par. 143). If the sensitivity 
is normal at this point, it can be assumed that the fault 
lies in the r-f system. This test, however, excludes the 
T-R and R-T switches which must be operating properly 
in order to obtain normal sensitivity at the selector line. 
Faults in the T-R and R-T switches can usually be isolated 
to a mistuned cavity or the absence of the —750-volt keep- 
alive potential. 


199. TROUBLE-SHOOTING CHART FOR R-F SYSTEM. 


A: SYMPTOMS: 


. Weak echo signals as observed on synchroscope. 
. Receiver sensitivity normal as measured at input of preamplifier unit. 


. Crystal current normal. 


. Transmitter power output normal. 





PROBABLE LOCATION OF FAULT 
1. T-R box. l. 
2. R-T box. 


B. SYMPTOM: 


1. Burned-out crystal. 


PROCEDURE 
Retune T-R box cavity (par. 204). 
2. Retune R-T box cavity (par. 204). 
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PROBABLE LOCATION OF FAULT PROCEDURE 
T-R tube defective, check T-R recovery time (par. 170) and dis- 


1. T-R tube. 1. 
: charge glow. Replace T-R tube if necessary. 

Measure voltage on top cap of T-R tube (-750 volts dc). If low 

or absent, check continuity of keep-alive circuit and power supply 

in modulator. 


2. Low keep-alive voltage. 2. 





C. SYMPTOMS: 


1. Low power output from precision antennas as measured on Power Monitor 


TS-36/AP. 


2. Normal power at X-band selector line. 





PROBABLE LOCATION OF FAULT 


1. X-band transmission line. l. 


PROCEDURE 
Check the X-band waveguide visually for defects and loose joints. 


2. R-f channel switch. 2a. Check that the switch blade completely blocks waveguide for 
channel not in use. 
b. Check double r-f choke joints at channel switch for misalign- 
ment or excessive spacing. 


3. R-f antenna switch. 3a. 


Inspect r-f antenna switch blades and T-section spacing. 


b. Check alignment of switch blades (par. 201). 


4. Absorber Unit CG-29/MPN-1. 4. 


If power output is normal for one precision antenna and is low 
for the other, replace absorber unit on faulty antenna. 





200. ADJUSTMENT OF ANTENNA GUIDE 
WIDTH. 


a. The eccentrics on both elevation and azimuth scan- 
ner drives have been designed to produce a little greater 
. waveguide motion than is required to produce the desired 
scan. Thus the excess scan must be allowed to project 


beyond the desired scanning range. The placement of | 


this excess scan is determined by the adjustment of the 
toggle bar connecting rod between the scanner drive box 
and the rigid linking bar. The toggle bar is so adjusted 
that the r-f switch opens for the azimuth scanner at —1 
degree from the normal, at the long wavelength end of 
the band (X.330), and for the elevation scanner at +1 
degree from the normal, at the short wavelength end of 
the band (X.270).° This guarantees that the precision 
beams will always scan‘to at least 1 degree for both an- 
tennas; however, it also means that for frequencies at 
either end of the band, one of the antenas will be scan- 
ning through the normal to the array. At the short wave- 
length end of the band the azimuth antenna will scan 
through the normal, while at the long wavelength end 
the elevation antenna will scan through the normal. Al- 


though scanning through the normal may be an undesir- | 


able condition, it is necessitated by the fact that for both 
antennas the scan nearest to the normal is the most im- 
portant region of the scanned area, and otherwise would 
not be receiving complete scan coverage at certain mag- 
netron wavelengths. 


476 





b. The adjustment of the toggle bar is made at the 
factory and should not be touched by personnel in the 
field unless a readjustment is necessitated by a mechanical 
replacement in the scanning mechanism. If this adjust- 
ment is deemed necessary, the following procedure should 
be followed, using the waveguide width values determined 
for \ = X.270 and A = X.330 which are stamped on the 
scanner data plates. 

(1) It will first be necessary to construct a special indica- 
tor disk as shown in figure 354. This can be made of stiff 
cardboard or metal, with four indicator marks (1, 2, 5, 
and 6) etched or painted on the outer circumference. This 
disk is then attached to the pinion shaft of the 4:1 an- 
tenna gear reduction assembly and a fixed index marker 
is established. 

(2) Insert the waveguide width dial indicator in the 
waveguide to be adjusted and determine the position of 
the drive eccentric corresponding to maximum throw 


towards the load end (maximum guide width) for the - 


azimuth scanner, or towards the feed end (minimum guide 
width) for the elevation scanner. This position can best 
be determined for the azimuth antenna by setting the 
eccentric approximately for maximum throw towards the 
load end, then loosening the nut holding the indicator 


disk and turning it until point 1 coincides with the index _ 


mark. Tighten the nut and turn the disk to point 2 and 
note the reading of the dial indicator. Turn the disk in 
the opposite direction approximately 360 degrees towards 
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point 3 until the dial reading is the same. The disk posi- 
tion may not coincide exactly with point 3; for example, 
it may occur at position A on the diagram (fig. 354). 
Under these circumstances, loosen the nut and rotate the 
disk halfway between position A and point 3. Then 
tighten the nut and rotate the disk back to point 1. This 
procedure will exactly locate the positive of maximum 
throw. To insure accuracy, the above procedure should 
be repeated and care observed in making the settings and 
adjustments. 
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Figure 354. Special indicator disk. 


(3) All gear and eccentric play must be eliminated by 
always approaching the desired settings in the correct 
direction of rotation as shown in figure 354. The same 
procedure applies to the elevation antenna, except that 
the eccentric position for maximum throw should be 
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(b) 


Figure 355. R-f switch blade alignment. 


Pars. 200-201 


towards the feed end (narrow guide width) as mentioned 
above. In addition, the direction of disk rotation, as 
viewed from the pinion shaft end, will be clockwise instead 
of counterclockwise. 

(4) When the exact point of maximum throw is located, 
rotate the disk in a counterclockwise direction exactly 200 
degrees to point 5 for the azimuth antenna, or in a clock- 
wise direction exactly 200 degrees to point 6 for the 
elevation antenna. This corresponds to exactly 50 degrees 
rotation of the drive eccentric and is the correct position 
for setting the waveguide width to comform to the values 
at A = X.330 for the azimuth or at A == X.270 for the 
elevation antenna as stamped on the scanner data plates. 
Adjust the length of the toggle drive comiecting rod to 
obtain the proper dial reading. After the toggle rod 
length has been determined, securely tighten down the 
locknuts and insert a wire or cotter pin to prevent any 
change during future use. 

(5S) After completion of the above adjustments, the an- 
tenna should be checked to insure that the movable plate 
does not strike the channel section when the scanning 
motor is rotated. | 


201, ALIGNMENT OF R-F SWITCH BLADES. 
a. Elevation. During the following alignment pro- 
cedure all dial indicator readings must be taken only when 
the position is reached through a clockwise rotation of 
the scan motor as viewed from the azimuth side. The 
blades should first be aligned with respect to the eleva- 
tion antenna according to the following procedure. 
(1) Loosen the nuts which clamp the clutch holding the 
r-f switch blades.’ 
(2) Loosen the clutch by striking the end of a large 
screwdriver held vertically along side of the shaft between 
the clutch and the azimuth blades. The blades should then 
rotate with each other but free from the shaft. 
(3) Rotate scan motor by hand until elevation guide 
width is approximately at a minimum, and rotate the r-f 
blades to make the elevation blade take the position as 
shown in diagram (a) of figure 355. (Reference lines 
are scribed on blades and on center of waveguide.) 
Temporarily tighten nut locking the clutch. 
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(4) Rotate the scan motor clockwise until the elevation 
blade is in the position shown in diagram (b) and the 
guide width is decreasing as viewed from azimuth side, 
i.e., until the 10-degree line in the open sector coincides 
with the mark on the waveguide. Take dial indicator read- 
ing on the elevation antenna in this position. 

(5) Rotate the scan motor clockwise, causing the eleva- 
tion r-f blade to rotate through 200 degrees (cutting off 
the r-f energy from the elevation antenna) to the position 
shown in diagram (c). Take dial indicator reading on 
the elevation antenna in this position. 

(6) If the readings taken in steps (4) and (5) are not 
within 0.002 inch of each other, average the readings and 
rotate the scan motor clockwise to give a dial indicator 
reading of this average. Without allowing the r-f switch 
assembly shaft to turn, loosen the r-{ blades and turn 
them slightly to make the 10-degree line in the open sector 
of the elevation blade coincide with the mark on the wave- 
guide: Tighten the nut locking the clutch, making certain 
that while so doing the adjustment is not changed, and 
then repeat steps (4) and (5): 

(7) Readings should then be within 0.002 of an inch. 
If not, repeat procedure beginning with step (4) until 
readings are within the desired tolerance. 
(8) Rotate the scan motor clockwise until a precise 
micrometer or dial indicator reading is obtained cor- 
responding to X-270 and to the 1-degree beam angle. 
This reading is obtained: 


(a) With elevation r-f blade approximately in the 
diagram (b) position. 


(6) With elevation r-f blade approximately in the 
diagram (c) position. 
(9) The mark on the waveguide should fall for both posi- 
tions in step (8) within 5 degrees of the 10-degree line 
in the open sector of the elevation r-f switch blade. 


b. ‘Azimuth. After the elevation blade has been prop- 
erly aligned as above, the azimuth blade should be 
aligned according to the folowing procedure: 

(1) Remove the four small bolts on the clutch between 
the r-f blades and the r-f switch assembly drive sprocket, 
and disengage the clutch. Replace the bolts but do not 
tighten. 

(2) Rotate the scan motor clockwise by hand to obtain 
the maximum azimuth antenna guide width, and rotate 
the r-f blades to make the azimuth blade take the position 
shown in diagram (a). Temporarily tighten the bolts 
on the friction clutch. 

(3) Rotate the scan motor clockwise until the azimuth 
blade is in the position shown in diagram (b) and the 
guide width is increasing. Take dial indicator reading on 
azimuth antenna in this position. 
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(4) Rotate assembly clockwise causing the azimuth r-f 
blade to rotate through 200 degrees (cutting off the r-f 
energy from azimuth antenna) to the diagram (c) posi- 
tion. Take dial indcator reading on the azimuth antenna 
in this position. 

(5) If the readings taken in steps (3) and (4) are not 
within 0.002 inch of each other, average the readings and 
rotate the scan motor clockwise to give a micrometer or 
dial indicator reading of this average. Without allowing 
the r-f switch assembly drive sprocket to turn, loosen nuts 
on friction clutch and rotate r-f blades slightly to make 
the 10-degree line in the open sector of the azimuth blade 
coincide with the mark on the waveguide. Tighten the 
nuts locking the clutch, making certain that while so 
doing the adjustment is not changed, and then repeat 
steps (3) and (4). 

(6) Readings should be within 0.002 of an inch. If not, 
repeat the procedure beginning with step (3) until the 
readings are within the desired tolerance. 

(7) Rotate the scan motor clockwise by hand until a 
precise micrometer or dial indicator reading is obtained 
corresponding to X.330 and to the 1-degree beam angle. 
This reading is obtained: 


(a) With azimuth r-f blade roughly in the diagram 
(b) position. 


(b) With azimuth r-f blade roughly in the diagram 
(c) position. 
(8) The mark on the waveguide should fall for both posi- 
tions in step (7) within 5 degrees of the 10-degree line 
in the open sector of the azimuth r-f switch blade. 


c. Blanker Blades. The following procedure should 
be used for the alignment of the’ blanker blades: 
(1) Loosen the nuts holding the clutch for the blanker 
blades and loosen this clutch as under a(2). 
(2) Rotate the r-f switch assembly by hand to the posi- 
tion shown in diagram (a) of figure 350. 
(3) Holding the r-f switch blades in the diagram (a) 
pcesition, rotate the blanker blades to the same position, 
adjusting them more exactly by seeing that the center of 
light beam is on the 2-degree line on the blades (diagram 
(b) of fig. 350). 
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(a) (b) 


Figure 356. Blanker switch blade alignment. 
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(4) Semipermanently tighten nuts to clamp clutch. 

(S) Make final adjustment of blanker blades position by 
adjusting so that the start of the elevation scope up-sweep 
coincides with the end of the down-sweep. Then finally 
tighten nuts to clamp clutch. 


202. PHASING PRECISION SCANNERS. Since the 
precision antennas scan alternately through the operation 
of the variable waveguide scanner, their phasing is a 
matter of obtaining the correct relationships of the coup- 
ling shafts connecting the scanner drives to Switching 
Unit SA-8/MPN-1. Disks divided into quadrants painted 
alternately red and white have been installed in the two 
scanner drive boxes (fig. 357). When the elevation an- 
tenna is installed, its scanner drive box disk should be 
turned so that the color corresponds to the color showing 
on the azimuth scanner drive box disk. This insures 
proper phasing for the two antennas. 





TL35010 


Figure 357. Phasing precision scanners. 


203. T-R AND R-T TUBE REPLACEMENT. To 
replace either the T-R or R-T tube in Radio Frequency 
Unit RF-6 it will first be necessary to remove the trans- 
mitter subchassis from the compartment. Disconnect all 
cable connections to the-subchassis and disconnect the 
filament leads to the magnetron. Loosen the five hold- 
down clamps and slide the subassembly straight out fromm 
the compartment, taking care not to damage the wave- 
- guide connections. 


a. T-R Tube. To replace the T-R tube (1B24), first 
disconnect the coaxial cable at the bottom of the hetero- 
dyne converter unit. Loosen the four screws holding the 
converter unit and T-R box to the waveguide assembly 
and lift out the converter unit. Slide off the 1B24 tube 
and replace with a new tube. Reassemble the T-R box and 
heterodyne converter and reconnect the coaxial cable. 
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b. R-T Tube. To replace the R-T tube, first remove 
the top cap connection to the tube. Unscrew and remove 
the upper and lower knurled nuts from the R-T box. 
Remove the back section of the R-T box by pulling it 
diagonally out from the front section. Use finger pres- 
sure only and do not pry sections apart. These sections 
are machined to fit snugly together and any marring of 
the machined surfaces or of the cavity will alter the 
electrical characteristics of the R-T box. Remove the 
upper and lower tubular sections from around the R-T 
tube by lifting the sections out vertically. Gently remove 
the R-T tube, being careful not to damage the circular 
flanges about the tube. Insert the new R-T tube and reas- 
semble the R-T box in the reverse order that it was dis- 
assembled. 


204. ADJUSTMENT OF T-R AND R-T BOXES. 
The following procedure is recommended for use in tun- 
ing the X-band T-R and R-T boxes in Radio Frequency 
Unit RF-6/MPN-1. This procedure assumes that the local 
oscillator and receiver circuits have been previously tuned 
as explained in paragraphs 184 and 209, respectively. 


a. Connect Test Set TS-13/AP to the X-band wave 
selector and tune the test set to the magnetron frequency 
(par. 143). 


b. Turn down the magnetron high voltage and adjust 
the test set for synchronized pulse operation. An echo 
pulse should appear on the screen of the synchroscope in 
the transmitter rack (SELECTOR switch in AX or BX 


position). 


c. Adjust the T-R box tuning plug on top of the T-R 
tube for maximum signal amplitude. 


d. Unlock the knurled locknut on the side of the R-T 
box and adjust the knurled tuning ‘screw for maximum 
signal amplitude on the synchroscope screen. If a maxi- 
mum can not be obtained by means of this adjustment, 
set the tuning screw at the middle of its travel and adjust 
the slotted coarse adjustment for maximum signal ampli- 
tude. Tighten the locknut and make final adjustment by 
means of the knurled adjustment screw. Tighten the 
knurled locknut. 


e. Check the adjustment of the T-R box tuning plug 
as In step c. 


f. If the test set is not available or if a quick adjust- 
ment is required, the above procedure may be used with 
the magnetron operating normally and by tuning for 
maximum echo signal amplitude as observed on the 
synchroscope screen. 
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SECTION Ill 


RECEIVING SYSTEM 


WARNING: Voltages sufficient to cause death on contact are exposed at 
many points in Radio Frequency Unit RF-6/MPN-1. Do not place hands 
or arms within this unit with the high voltage on. Do not make any con- 


nection into this unit which brings high voltages out to an exposed point. 
Make all tests with high voltage off. Always ground high-voltage capacitors 
before touching them or their associated parts. 





205. REFERENCE DATA. 
a. X-band Preamplifier and Heterodyne Con- 

verter. 

(1) Figure 358. Preamplifier, top view. 

(2) Figure 359. Preamplifier, bottom view. 

(3) Figure 117. X-band heterodyne converter, cutaway 
view. 

(4) Figure 114. Precision heterodyne converter, sche- 
matic diagram. 

(5) Figure 96. Radio Frequency Unit RF-6/MPN-1, 
schematic diagram. | 

(6) Figure 360. Voltage and resistance chart. 


b. Radar Receiver R-38/MPN-1. 
(1) Figure 336. Top view. 
(2) Figure 337. Bottom view. 
(3) Figure 338. Bottom view of i-f strip. 
(4) Figure 339. Mounting boards. 
(5S) Figure 56. Schematic diagram. 
(6) Figure 340. Waveforms. 
(7) Figure 341. Voltage and resistance chart. 


c. Synchronizer SN-5/MPN-1. 
(1) Figure 361. Top view. 
(2) Figure 362. Bottom view. 
(3) Figure 123. Schematic diagram. 
(4) Figure 120. Video amplifier circuit. 
(5) Figure 365. Voltage chart. 
(6) Figure 366. Resistance chart. 


d. General. 
(1) Figure 214. 
diagram. 

(2) Figure 253. 
(3) Figure 254. 
(4) Figure 255. 


Control Box C-61/MPN-1, schematic 
‘Capacity color code. 


Resistor color code. 
Tube base chart. 
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206. SPECIAL INFORMATION. 


a. Synchroscope. The synchroscope mounted in the 
transmitter rack can be used to advantage in making 
quick tests on the precision receiving system. With the 
SELECTOR switch on the front panel in the AX or BX 
position, the video output of the channel A or channel B 
precision receivers can be seen on the synchroscope dis- 
play screen. By observing the shape or absence of signals 
on the synchroscope, the repairman can obtain a great 
deal of information on the behavior of the receiving 
system. Use of the synchroscope will also prove valuable 
in the alignment and ‘adjustment of the receiving system 
components. 


b. Test Points. Six test points are located behind 
the front door of the receiver unit. The first four of these 
test points can be used in conjunction with the synchro- 
scope to measure certain critical waveforms in the AFC 
and STC circuits in the receiver unit. Test points 5 and 6 
may be used to check the 300-volt and 220-volt ‘plate 
supplies in the receiver. 


207. PROCEDURE. 


a. The trouble-shooting procedure in the precision 
receiving system of Radio Set AN/MPN-1 will be ’identi- 
cal in most respects with the trouble-shooting procedure 
for the search receiving system given in section III of 
chapter 7. The main difference between the two systems 
lies in the local oscillator and mixer stages, and in the 
video section of the system. Since the heterodyne converter 
section (local oscillator and crystal mixer) of the precision 
system operates at the higher X-band frequencies, and 
since the physical arrangement of the converter is differ- 
ent, a separate trouble-shooting chart for the X-band 
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heterodyne converter will be included in this section. The 
receivers in the two systems are identical, thus the trouble- 
shooting chart for the receiver will not be included; in- 
stead, reference will be made to the receiver information 
in the search system trouble-shooting section (par. 178). 


b. Certain types of faults in the precision receiving 
system will, in general, appear as an absence or reduc- 
tion of target echoes on the precision indicator tubes. 
These faults are common to both the precision r-f system 
and the precision transmitting system in addition to the 
receiving system. Thus, before attempting to locate the 
fault in the receiving system, it first will be necessary to 
ascertain that this particular fault lies in the receiving 
system and not in either the r-f or transmitting systems. 
In most cases, a quick check of the magnetron current 
and voltage readings will suffice, if readings are normal, 
to assume that the transmitting and r-f systems are operat- 


ing normally. Reference to STEP 12 and STEP 15 in the - 


start procedure trouble-shooting section (pars. 157 and 
160) will serve to isolate troubles to the receiving system 
and, in some cases, to a defective component. It will then 
he necessary to isolate the trouble to a particular com- 
ponent within the system. This can oftentimes be accom- 
plished inerely by observations of the crystal current 
reading or of the video output of the receiver as displayed 
on the svnchroscope. 


c. If the faulty component cannot be located by obser- 
vation, it will be necessary to check the system sensitivity 
at the X-band selector line, at the preamplifier input, and 
at the receiver input, by means of the signal generators 
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included with the test equipment (par. 143). The follow- 
ing receiving system sensitivity checks indicate the faulty 
components: 

(1) Low sensitivity with X-band r-f signal applied to 
X-band selector line and normal sensitivity with 30-mce 
signal applied to input of preamplifier indicates trouble 
in the local oscillator or crystal mixer stages. Refer to 
X-band heterodyne converter trouble-shooting chart (par. 


. 208). 


(2) Low sensitivity with 30-me signal applied to input 
of preamplifier and normal sensitivity with $O0-me signal 
applied to input of Radar Receiver R-38 indicates trouble 
in the preamplifier unit. Refer to X-band heterodyne 
converter trouble-shooting chart (par. 208). 


(3) Low sensitivity with 30-me signal applied to Radar 


Receiver R-38, output measured on synchroscope in trans- 
mitter rack, indicates trouble in the receiver. Refer to 
radar receiver trouble-shooting chart (par. 178). 

(-4) Low sensitivity as measured at terminal $-8 on syn- 
chronizer and normal sensitivity at output of receiver 
(terminal 8-1 on synchronizer), indicates trouble in the 
video stages located in the synchronizer unit. Faults in 
the synchronizer video stages may be located by .check- 
ing the video signal at TP! with the synchroscope. If the 
signal is abnormal at this point and normal at terminal 
8-4, tube V22 or associated circuit is defective. If the 
signal is normal at TP11 and abnormal at terminal 8-8, 
the cathode follower stages. V23 and V2}. are defective. 
Refer to the synchronizer voltage and resistance charts 
(figs. 365 and 366) for normal voltage and resistance 
readings on these stages. 


208. TROUBLE-SHOOTING CHART FOR X-BAND HETERODYNE CONVERTER AND PREAMPLIFIER. 


A. SYMPTOMS: 


1. Crystal current zero (I CRYSTAL “X”). 


2. Noise, no signals on test synchroscope (AX or BN). 


PROBABLE LOCATION OF FAULT 


PROCEDURE 


1. AFC circuit. la. Turn the AFC switch SW1 on the radar receiver off (down). 
Slowly turn potentiometer P2 through its range. 


2. Mixer crystal defective. 


3. No local oscillator output. 


b. If crystal current and signals appear, the AFC circuit is not 


2a. 


3a. 


. Measure local oscillator tube voltage; +300 volts at pin 1, 


functioning. Refer to the receiver trouble-shooting chart (par. 
178). 

Remove the crystal and check the back-tu-front resistance ratio 
(normal ratio 5:1). Replace crystal if necessary. 


. Before turning on the transmitter after a crystal has been re- 


placed, check the T-R tube and keep-alive voltage. 
Check power plug connections to heterodyne converter. 


approximately —100 volts at the top cap, 6.3 volts ac at pin 2. 
Power is obtained from the power supply in the radar receiver. 
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c. Replace the local oscillator tube V3. 
4. Local oscillator off frequency. 4. Tune and adjust the local oscillator (par. 209). 


B. SYMPTOMS: 


1. Crystal current zero (I CRYSTAL “X”). 


2. Normal signals on test synchroscope. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. Crystal metering plug not in place. 1. Check that the crystal metering plug is in JACK 1 of the pre- 
amplifier in use. 

2. Crystal current metering circuit. 2a. Check the crystal current metering plug for internal broken 


connections or shorts. 
b. Check the continuity of the metering circuit in the preamplifier. 
c. Check the metering circuits in Control Box C-61. 


C. SYMPTOMS: 
1. Crystal current sweeps too high when AFC circuit is hunting. 
2. When the AFC circuit locks in, the crystal current is around 0.2 ma. 





_ PROBABLE LOCATION OF FAULT PROCEDURE 
1. Local oscillator unstable. la. Retune local oscillator (par. 209). 
5. Retune T-R box (par. 204). 
2. AFC circuit. 2a. The AFC circuit is locked in on the wrong mode of the local 


oscillator. Check local oscillator coupling and adjust for correct 
crystal current. 

b. Align the AFC circuit. Refer to paragraph 181 for tuning 
procedure. 


D. SYMPTOM: 


1. Crystal current low (0.2 ma or below) even when the AFC circuit is sweeping. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. Repeller voltage not correctly adjusted. 1. Adjust the receiver AFC tuning control potentiometers P2 and P9. 
2. AFC circuit is not properly tuned. 2. Refer to the AFC tuning procedure (par. 181). 

3. Loose local oscillator coupling. 3. Increase the local oscillator coupling by turning down adjustment 


7 setscrew on heterodyne converter. 
4. T-R box tuned to the local oscillator 4. Retune the T-R box (par. 204). If the T-R box is tuned near the 
frequency. local oscillator frequency. it will absorb power. 





E. SYMPTOM: 
1. Crystal current too high (above 0.8 ma) when AFC is locked in. 


PROBABLE LOCATION OF FAULT PROCEDURE 
1. Local oscillator too closely coupled. 1. Reduce the local oscillator coupling to the crystal mixer by turn- 
ing up the adjustment setscrew on the heterodyne converter. 


F. SYMPTOMS: 
: 1. Intermittent crystal current. 
2. Intermittent signals on the test synchroscope. 
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PROBABLE LOCATION OF FAULT PROCEDURE 

1. Crystal loose in socket. 1. Clean and tighten crystal holder surfaces. 

2. Intermittent troubles of the type described 2.. Follow the check procedure used under symptom A. 
under symptom A. 


1. Excessive grass and noise on the test synchroscope. 





PROBABLE LOCATION OF FAULT PROCEDURE | 

1. Local oscillator coupling too tight. 1. Adjust local oscillator coupling for correct value of crystal cur- 
rent by turning up the adjustment setscrew on the heterodyne 
coriverter. 

2. Noisy crystal. 2. Replace the crystal. 


H. SYMPTOMS: 
. No signals on the test synchroscope. 
. Low noise value on test synchroscope. 
. Crystal current normal. 
. AFC circuit does not lock in. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Preamplifier. la. Measure the receiving system sensitivity at the preamplifier input 
and at the receiver input (par. 207) to ascertain that the trouble 
lies in the preamplifier unit. 
b. Check that +105 volts is reaching pin C of power input plug 1. 
c. Replace the lst and 2nd i-f tubes V1 and V2, one at a time, and 
note the results. 

d. Remove the preamplifier unit from Radio Frequency Unit RF-6 - 
-and check the resistors against the resistance chart (fig. 360) 

e. Check the preamplifier i-f alignment (par. 184). 


1. Receiver breaks into oscillations. 





PROBABLE LOCATION OF FAULT PROCEDURE | 
1. Local oscillator. la. Local oscillator is operating on an unstable mode. Tune and 
align the local oscillator and AFC circuits (pars. 209 and 181). 
b. Reduce the local oscillator coupling by turning up the adjust- 
ment setscrew on the heterodyne converter. 
c. The preamplifier unit is not properly grounded. Check ground . 
connections and fasten down securely. 
d. Replace the Ist and 2nd i-f tubes V1 and V2 and note results. 


2. Receiver. 2. Refer to receiver trouble-shooting chart (par. 178). 

209. SUPPLEMENTARY DATA. shield can to the mixer assembly and remove the shield. 
a. Replacement of Local Oscillator. (1) To re- Make certain that the high voltage is not applied to any 

move the local oscillator tube, first disconnect the coaxial of the r-f system components. 

cable to the preamplifier at the bottom of the heterodyne (2) Remove the reflector cap lead FFot the 723A tube 

converter. Remove the two screws holding the rectangular and carefully pull the tube straight down out of its socket. 
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Figure 358. Preamplifier, top view. 
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Care should be taken not to damage the coupling probe 
which protudes from the base of the tube through one 
of the socket holes and into the mixer section. 

(3) Place the new tube in the proper socket position and 
push into the socket. Since the probe length and tuning 
of the new tube will probably differ from the tube re- 
placed, tuning and coupling adjustments will have to be 
made before the shield can is replaced. Reconnect the 
tube top cap, connect the preamplifier coaxial cable, and 
proceed with the local oscillator tuning procedure as 
described in the following subparagraph. In some cases 
it may be found that proper tuning can not be accom- 
plished with the shield can removed. In these cases, it will 
be necessary to replace the shield can and then remove it 
each time a tuning adjustment is made. 


b. Local Oscillator Tuning Procedure. (1) Tum 


on the receiver and insert the crystal metering plug into 


434, 





R5,L4 
- Figure 359. Preamplifier, bottom view. 
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the jack in the preamplifier. Switch the receiver AFC 
switch SW1 off (down). 

(2) Alternately tune the AFC potentiometer P2 (on the 
receiver front panel) and vary the local oscillator coup- 
ling adjustment (on the heterodyne converter unit) until 
0.5 ma crystal current is indicated at the maximum out- 
put tuning position of P2. 

(3) Mechanically tune the local oscillator cavity adjust- 
ment strut with the small insulated wrench supplied with 
the r-f unit. The recommended procedure is to adjust 
the AFC potentiometer so that noise on the synchroscope 
appears at a maximum (crystal current should be between 
0.3 and 0.8 ma). Slowly turn the tuning strut adjustment 
until signals appear. Alternate between AFC tuning ad- 
justment and tuning strut adjustment until maximum 
crystal current and maximum signal appear at the same 
setting. This is a critical adjustment and should be 
carefully made. 
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CAUTION: The shell of the local oscillator tube 
is maintained at -++300 volts dc when the equip- 
ment is in operation. Be careful not to contact 
the tube when making tuning adjustments. 


(4) Two settings that give maximum signals should be 
found separated by from 14 of a turn to 3 turns of the 
tuning strut. One setting proguces a local oscillator fre- 
quency 30 megacycles above that of the magnetron, the 
other a frequency 30 megacycles below it. 
settings have been found, tune the local oscillator to the 
one which has the tuning strut bows closer together; i.e., 
to the higher oscillator frequency. 


(5) Selection of the wrong tuning strut adjustment will 
reverse the discriminator output characteristic. To check 
the final selection, connect the synchroscope test lead to 
TP1 of the receiver and attach the negative lead of a 
d-c voltmeter to the local oscillator reflector cap, the 
positive lead being connected to ground. As the STC 
tuning potentiometer is turned through the range of os- 
cillation of the local oscillator, in such direction that the 
reflector voltage becomes less negative, the discriminator 
pulses appearing on the synchroscope should be first 
negative and then positive. This indicates that the local 
oscillator is properly tuned 30 mc above the magnetron 
frequency. 

(6) After tuning the local oscillator to its proper setting 
and adjusting for best signals, turn switch SW1 on the 
receiver to AFC. Observe that the signals appearing on 
the synchroscope retain at least the amplitude they had 
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with switch SW1 in the off position. If the AFC circuit 
does not lock in, check the mean value of the reflector 
voltage; it should be near the value which gives a maxi- 
mum output when the AFC is turned off. The voltage 
should be in the neighborhood of —100 volts dc. If this 
voltage is very far from the correct value, there is danger 
that the AFC will lock in on a lower mode of oscillation 
of the local oscillator, thereby producing less power out- 
put and less reliability in local oscillator frequency 
stability. 

(7) With the AFC operating normally ana signals show- 
ing on the synchroscope, set the local oscillator tuning 
strut for maximum crystal current. This will be an ex- 
tremely fine adjustment, requiring: very light pres- 
sure on the adjustment wrench. This setting should 
yield maximum signal reception. If it does, the local 
oscillator can be considered properly tuned. 

(8) The local oscillator coupling should be examined 
critically before the system is considered ready to operate. 
The crystal current should be approximately 0.6 ma 
with no “pulling” or variation of frequency apparent at 
the time of the transmitter pulse. 

(9) Replace the shield can on the heterodyne converter 
unit, making certain that all connections are tight and well 
made. 

c. Preamplifier Alignment Procedure. Refer to 
i-f alignment procedure for S-band preamplifier (par. 
184). 

d. Receiver Alignment Procedure. Refer to align- 
ment procedure for Radar Receiver R-38 (par. 184). 





ALL VOLTAGES DC UNLESS 


RESISTANCE READING 


OTHERWISE 
ADINGS MADE WITH PLUG | REMOVED. 
ALL VOLTAGE_ANO RESISTANCE READINGS MADE TO 
GROUND UNLESS OTHERWISE NOTED. 
ALL VOLTAGE READINGS MADE WITH 20,000 OHMS 
PER VOLT METER. 


* THESE READINGS TAKEN TO PIN C OF PLUG | 
INSTEAD OF TO GROUND. 


Figure 360. Preamplifier, voltage and resistance chart. 
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SECTION IV 
SYNCHRONIZER 
210. REFERENCE DATA. ponent will produce a wide variety of symptoms. Since 
a. Synchronizer SN-5/MPN-1. no data is presented by the synchronizer within itself, 
(1) Figure 361. Top view. these symptoms will appear at other points. For the most 
(2) Figure 362. Bottom view. part, the symptoms will be apparent in the indicator dis- 
(3) Figure 363. Mounting board diagrams. plays since the indicating system presents the information 
(4) Figure 123. Schematic diagram. obtained by the radio set. 
(5) Figure 364. Waveforms. b. In general, isolation of trouble to the ‘synchronizer 
(6) Figure 365. Voltage chart. will have been accomplished by trouble-shooting pro- 
(7) Figure 366. Resistance chart. | cedures given in other sections of this manual. Once 
b. General. this has been done, reference to the applicable set of 
(1) Figure 253. Capacitor color code. symptoms given in the trouble-shooting chart will give 
(2) Figure 254. Resistor color code. data for further isolation of trouble. The procedure given 
(3) Figure 255. Tube base chart. will generally permit isolation of trouble to individual 
stages, whereupon information given on the voltage, 
211. PROCEDURE. resistance, and waveform diagrams will present the neces- 
a. Since the synchronizer contains circuits from sev- sary data for the location of the faulty circuit element 
eral systems of the radio set, troubles within the com- or elements. 


212. ,TROUBLE-SHOOTING CHART FOR SYNCHRONIZER. 


A. SYMPTOMS: 


1. No timebase sweep on any indicator tube. 
2. No magnetron current. 





PROBABLE LOCATION OF FAULT _ PROCEDURE 


1. Master blocking oscillator circuit. la. Observe waveform at TP2 on the synchroscope. It should, be 
similar to the waveform shown in figure 364. 
b. If no waveform exists at TP2, measure 300-volt d-c plate supply 
at terminal 6-3. 
c. If plate voltage is correct, replace oscillator tube V1. If this does 
not correct the fault, refer to voltage and resistance charts (figs. 
365 and 366) and check operation of oscillator stage. 
2. 300-volt power supply. 2a. Low or no plate supply voltage indicates trouble in 300-volt power 
supply. Refer to chapter 9, section II. 
6. If voltage at terminal 6-3 is zero but spots on precision indicator 
may be focused, trouble is indicated in channel switching relay 
RY1 in the azimuth indicator or in the rack wiring. 


B. SYMPTOMS: 


1. No timebase sweep on all indicator tubes. 
2. Magnetron voltage and output current normal. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. Inoperative tubes. 1. Remove and test tubes V3, V4, and V17. 

2. Gating multivibrator. 2a. Check waveform at TP3 on synchroscope. Waveform should be as 
shown in figure 364. 


b. If waveform is incorrect, check voltages, resistances, and wave- 
forms on tubes V1 (b) and V3. 
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Figure 361. Synchronizer SN-5/MPN-1. top view. 
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Figure 362. Synchronizer SN-5/MPN-1, bottom view. 
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3. Negative trigger amplifier. 3a. Observe negative trigger output at terminal 7-4 (fig. 364). If cor- 
rect, refer to item 4. 
b. If negative trigger is faulty, trouble shoot stage V17(b). 
4. Channel switching relays. 4. Proper negative trigger output at terminal 7-4 indicates a trouble 
in relay RY1 in approach indicator. 


Cc. SYMPTOMS: 


1. No timebase sweeps on all precision indicator tubes. 


2. Timebase sweeps normal on search indicator tubes. 
3. Magnetron output normal. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. Same faults as in symptom B. la. Check TRIG. SEL. switch on intercommunications panel. Switch 
to'X if not already set in that position. Symptoms of trouble 
should now be the same as given in symptom B. 

b. If, after throwing selector switch, sweeps on the search indicators 
are still satisfactory see item 2 below. 

2. 3500-volt supply to sweep amplifier. 2. Refer to chapter 9, section II. 


XN 


D. SYMPTOMS: 


1. No-current indicated for either S- or X-band magnetron. 


2. Output voltage of transmitter HVPS normal. 
3. Timebase sweeps on all indicator tubes normal. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Positive trigger amplifier. la. Observe output waveform at terminal 7-8 and compare it with 

that shown on figure 364. If normal, refer to item 2. 
b. If waveform is abnormal, test tube V2. 
: c. Make voltage and resistance measurement on tube V2. 
2. Channel switching relay. 2. Check relays RY] in approach indicator and RY1 in intercom- 
| munications panel. If waveform is normal at both these points 

refer to next item. 

3. Modulator. 3. Refer to chapter 7, section I. 


E. SYMPTOMS: 


1. No range markers on all precision indicator tubes. 
2. All other indications normal. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Range marker brilliancy controls turned 1. Turn 2 MILE RANGE MARK BRILL (P13) and 10 MILE 
down. RANGE MARK BRILL (P12) controls to the maximum clock- 
wise position. | 
2. Range marker timing oscillator circuit. 2a. Observe waveforms at TP4 (fig. 364) with synchroscope. 
b. If observed waveform is correct, refer to item 3 below. 
ce. If waveform is abnormal, test tubes V4, V5, and V6. 
d. Check voltages, resistances, and waveforms on the above three 
tubes. , 
3. Blocked oscillator. 3a. Observe waveform at TP5 on synchroscope. If normal, proceed 
to item 4. 


b. Test tube V7. 
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c. Check voltage and resistance values and waveforms on blocking 
oscillator stage. 
4. Tube V8. | 4, Tube V8 is common to both 2-mile and W-mile range marker 
circuits. Check with tube tester. 


F. SYMPTOMS: 


1. No range markers on both 2-mile indicator tubes. 


2. Range markers on 10-mile indicator tubes normal. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. 2,500-foot marker brilliance control low. 1. Turn 2 MILE RANGE MARK BRILL (P13) control to the maxi- 
mum clockwise position. 

2. Cathode follower V8(a). 2a. Turn RANGE MARK RATIO TEST (SW1) to clockwise position 
and observe sweep on 10-mile indicator tubes. If 2,500-foot 
markers appear, refer to item 3. 

b. If no markers appear, test tube V8 with tube tester. 

c. Check for normal spacing of range markers on 10-mile indicator 
tubes. Abnormal spacing indicates faults similar to those de- 
scribed in symptom E above with the exception that the count- 
down blocked oscillator V9(a) is free running. Refer to symp- 
tom E. : 

3. Faulty mixer V17(a). 3a. Check marker signal to 2-mile indicator tubes at either terminals 
8-6 or 8-2 (fig. 364). 

b. If markers appear normal, refer to item 4. 

c. If no waveforms appear, check voltages and waveforms at ter- 
minals 1 and 2 of the mixer stage. 

4. Channel switching relay. 7 4. Check for faulty points on channel switching relay RY2 in the 
: elevation indicator and RY2 in the azimuth indicator. 


G. SYMPTOMS: 


1. No range markers on both 10-mile indicator tubes. 
2. Range markers on 2-mile indicator tubes normal. 


PROBABLE LOCATION OF FAULT | PROCEDURE 

1. 10.000-foot marker brilliance control low. 1. Turn 10 MILE RANGE MARK BRILL control (P12) to the 
maximum clockwise position. 

2. Count-dowrn blocked oscillator. 2a. Check for proper waveform (fig. 364) at TP6 with synchroscope. 


If correct refer to item 3. 

b. If no signal appears at test point, check continuity of transformer 
T4. 

c. Check waveform at plate (terminal 2) of V9(a). 

d. No signal at plate of oscillator indicates open capacitor C25 or 
faulty inverter-amplifier tube V7(b). 

3. Mixer circuits. 3a. Check tube V14 with tube tester. 

b. If tube is satisfactory, replace and check waveforms (fig. 364) at 
terminals 4 and 5. No signals at terminal 4 indicates a faulty 
coupling capacitor C39. 

c. Check voltage and resistance values (figs. 365 and 366) of mixer 
(V14) circuit. 

d. Check signals at terminals 8-7 and 8-3. If signals are satisfactory 
at these points, check channel switching relays in azimuth and 
elevation indicators. . 
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Figure 363. Synehroniser SN-5/MPN-1, mounting board. 
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AMPLIFIER, V2 
Pin 3 

Y GAIN 0 

X GAIN 40 





CLIPPER, V5(a) 
Pin 3 


Y GAIN 100 
X GAIN 100 
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ILLATOR, V7(a) CATHODE FOLLOWER, V8(a) 
Pin 1 

Y GAIN 40 

X GAIN 100 


Figure 364A. Synecnronizer SN-5/MPN-1, waveforms. 
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IBE, V8(b)* COUNT-DOWN BLOCKED 


OSCILLATOR, V9(a)* 
Pin 1 

Y GAIN 20 

X GAIN 100 





30 
HOIFIER, V17(b) INVERTER AMPLIFIER, V17(b) 
Pin 5 
IN Y GAIN 30 
IN X GAIN 40 
we 
wl 
N\ 
{T-S 
and 
‘P10 
'N 1 
IN 
| 
‘mu 
a TL 43492 
igra Figure 364B. Synchronizer SN-5/ MPN-1, waveforms. 
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D 0. ELEVATION ANGLE COUPLING UNIT OUTPUT « 52 VOLTS 
E. R-F' VOLTAGE ONLY EXISTS AT THESE POINTS DO 


NOT MEASURE 
H. HEATER 
aTS @ READING CHANGES WITH METER RANGE. USE HIGH- 
LTS EST POSSIBLE RANGE 


LTS 


TL 36003A 


Figure 365. Synchronizer SN-S/MPN-1, voltage chart. 
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Figure 366. Synchronizer SN-5/MPN-1, resistance chart 
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TM 11-1543 Trouble Shooting in the Precision System Par. 212 


H. SYMPTOMS: 


1. Improperly spaced range markers on all precision indicator tubes. 
2. Wrong indications of range on known fixed targets. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. Precision indicator alignment. 1. Proper number of range markers is 4 on the 2-mile indicator tube 
and 5 on the 10-mile indicator tube. Adjust amplitude, expansion, 
and tilt controls on associated sweep amplifiers until alignment is 
correct. 

2. Improper negative trigger delay. 2a. Producés improper range markers spacing at beginning of sweep 
on both search and precision indicators. 

b. Adjust by procedure given in paragraph 216. 

3. Range marker timing oscillator frequency. 3. Adjust oscillator frequency according to procedure given in para- 

graph 2106. 


I. SYMPTOMS: 
1. Improperly spaced range markers on 10-mile indicator tubes. 
2. Improper indications of range on known fixed targets on 10-mile tube. 
3. Correct indications of range on 2-mile indicator tubes. 


PROBABLE LOCATION OF FAULT PROCEDURE 
1. Count-down blocked oscillator frequency. la. Check ratio of 2,500 and 10,000-foot range markers by procedure 
described in paragraph 215. 
b. Adjust potentiometer P3 on top of synchronizer chassis until 
count-down ratio is correct. 


1. Angle markers missing from azimuth indicator display. 
2. All other indicators appear normal. 





PROBABLE LOCATION OF FAULT PROCEDURE | 
1. Azimuth angle marker circuit. la. Advance ANGLE MARK BRILL control (P5) to the maximum 
clockwise position. : 
b. Check output at TPP9 with synchroscope used as oscilloscope. If 
correct output is obtained, refer to item 2. 
c. If no output is obtained, trouble shoot angle marker circuit by 
: means of procedure given in paragraph 213. 
2. Mixer V15. 2a. Check V15 with tube tester. 
b. Make voltage, resistance, and waveform measurement on V15. 
c. No plate voltage on one or both sections of V15 is a symptom of 
trouble in the associated indicator, since these tubes obtain their . 
plate voltage from the indicator. Refer to chapter 8, section 5. 


K. SYMPTOMS: 


1. Angle markers missing on elevation indicator. 
2. All other indicators operating normally. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Same as symptom J. 1. Refer to symptom J. 
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L. SYMPTOMS: 
1. No identification marker appearing on. 10-mile indicator tube (abnormal). 


2. No identification marker appearing on 2-mile indicator tube (normal). 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. No input. la. Check for presence of input signal at terminal 6-6. Lack of signal 
indicates trouble in the intercommunications panel or search 
central. Reter to chapter 7, section IV. 
b. If signal is similar to that shown in figure 347, refer to item 2. 
2. Mixer V14. 2a. Tarn STROBE BRILLIA:’CE control (P11) to maximum clock- 
wise position. 
b. Check mixer tube V14 with tube tester. 
c. Check voltage, resistance, and waveforms on mixer tube. 


M. SYMPTOMS: 


1. No change in intensity of precision indicator sweep with antenna switching. 
2. No control of precision receiver gain. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. No input voltage. 1. Check input voltages at terminals 5-6 and 5-7 with situates: 
Proper values are given in figure 365. 

2. No —210-volt supply voltage. 2a. Voltage at terminal 5-8 should be —210 volts. 


b. If no voltages exiat at this terminal, and the remainder of the 
radio set is operating normally, an open circuit between the 
negative power supply (PP-25) and the synchronizer is indicated. 


1. No control of precision receiver gain from either azimuth or Bi indicator 
positions. 
2. Blanking of both precision indicators normal. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Receiver gain control switch on LOCAL 1. Change the receifer gain control switch to REMOTE position. 
position. 


2. Faulty d-c amplifier (V20). 2a. Check tube V20 with tube tester. 
b. Check voltage and rsistance values on V20. 


. No change of display intensity on either precision indicator as antenuas are 


switched. 


. Control of receiver gain from both precision indicator positions is normal. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Faulty inverter V21. la. Check output of inverter at terminals 5-3 and 5-5 with voltmeter. 
Correct values are given on voltage chart (fig. 365). 
b. If output is normal see item 2. 
c. If no output exists, test tube V2] and check voltage and resis- 
tance values on the tube terminals. 
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2. Channel switching system. 


P. SYMPTOMS: 
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Check for presence of blanking voltages at terminals 14-1 (chan- 
nel A) or 14-2 (channel B) on the azimuth indicator and 2-1 
(channel A) or 2-2 (channel B) on the elevation indicator. Lack 
of signals at the proper points indicates a fault in the channel 
switching relays or in the power system energizing these relays. 


1. No change of display intensity on one precision indicator as antennas are switched. 
2. No control of receiver gain from other precision indicator. 


PROBABLE LOCATION OF FAULT 
1. No input. 


2. Faulty inverter (V18 or V19). 


3. Gain control potentiometer. 


PROCEDURE | 
la. Check input voltages at terminals 5-6 and 5-7. If these voltages 


do not correspond with those listed in figure 365, trouble is 
indicated in the commutator unit (pars. 72 and 235). 


. If input voltages are normal, refer to item 2. 
2a. 


If fault lies in elevation indicator blanking and azimuth indicator 
gain, check inverter V18. If faults occur in the opposite indica- 
tors check inverter V19. 


. Check voltage and resistance values on proper inverter stage. 


Check for the presence of shorts to ground or across the poten- 
tiometer on the indicator where no control of gain is possible. 
Check interconnecting wiring between gain control on director 





and commutator circuit in synchronizer. 





213. TROUBLE SHOOTING ANGLE MARKER 
CIRCUIT. 

a. Purpose of Test. Circuits generating angle mark- 
ers consist of tubes V10 and V11 for producing the 
azimuth angle markers and tubes V12 and V13 for pro- 
ducing the elevation angle markers. While each indi- 
vidual action in these circuits takes place in a relatively 
short time, the time interval between these actions is so 
long that waveforms of the circuit cannot be viewed on 
the oscilloscope. However, in case of trouble in these 
circuits, the use of the oscilloscope would greatly facili- 
tate location of the fault. Reference to figure 137 shows 
that the input voltage to the circuit is approximately a 
sine wave with a frequency of approximately 0.5 (slow 
scanning) or 2.0 (fast scanning) cycles per second. By 
increasing the frequency of this input, the circuit action 
may be speeded up to a point obtainable on the oscil- 
loscope sweep circuit. This is accomplished by utilizing 
a 60-input voltage. 

b. Test Procedure. (1) Disconnect the input voltage 
to the faulty circuit. The leads may be broken at any one 
of three places. This is done most easily by disconnecting 
the angle coupling unit feeding the faulty circuit. (Be 
sure to disconnect the angle coupling unit in the proper 
channel as well as on the proper antenna.) Two other 
points at which the circuit may be disconnected are at 
terminal strip 6 on the synchronizer (by inserting an 
insulating material over the proper terminal and between 


the removable and fixed strips) or at the terminal strip 
on the indicator rack frame. 

(2) Connect a 60-cps voltage of the order of 2 volts to the 
input terminal of the faulty circuit. This voltage may be 
obtained from an external source or from the filament 
terminal of one:of the tubes of the synchronizer itself. 


CAUTION: Do not obtain this voltage from 
tubes V18, V19, V20, or V2] as the filaments 
on these stages have a d-c voltage of —210 volts 
superimposed on the filament voltage. 


(3) Set the oscilloscope sweep frequency at the proper 
range and observe the circuit waveforms at the two test 
points provided. The oscilloscope display should be 
similar to the waveforms shown in figure 364. 

(4) Because of the fact that the input voltage has a much 


higher frequency than the one for which the circuit was 


designed, the rate of change of voltage as the neori tube | 
is extinguished may be sufficient to trigger the multi- 
vibrator following. This will be evidenced by the appear- 
ance of another pulse from the output of the multivibrator, 
and’ is shown by dotted lines on the waveform (TP9, 


TP10) in figure 364. The two pulses move toward or 


away from one another with variation of the angle marker 
control (P4 or P6) on the front panel of the synchro- 
nizer. The appearance of this extra pulse does not indi- 
cate a fault in the circuit. 
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214. ADJUSTMENT OF PULSE RECURRENCE 
FREQUENCY. When tube V1 or the circuit elements 
of the master blocking oscillator circuit are replaced, a 
readjustment of the pulse recurrence frequency must be 
made. This is accomplished by adjustment of potentiom- 
eter Pl on top of the synchronizer chassis (fig. 361). 
Two possible methods of making this adjustment are 
given below. 


a. Using Standard Audio Oscillator. When an 
audio oscillator of known accuracy is available, the fol- 
lowing procedure may be used to properly adjust the 
pulse recurrence frequency: 


(1) Adjust the audio oscillator frequency to 2,000 cps 


and connect its output terminals to the Y-SIGNAL INPUT 


terminal of the test oscilloscope. Adjust the sweep fre- 
quency (with the SYNC. SIG. control set at zero) of the 
oscilloscope until a single sine wave cycle is approxi- 
mately stationary on the scope screen. 


(2) Connect either the positive or negative trigger (term- 
inals 7-8 or 7-4) to the Y-SIGNAL INPUT terminals of 
the oscilloscope. Adjust potentiometer Pl until a single 
stationary pulse is visible on the scope screen. 


NOTE: In order that the master oscillator fre- 
quency will not be a submultiple of the sweep 
frequency, the timebase must be broken below 
(or above) the trigger pulse. 


(3) Turn the frequency range selector switch on the 
oscilloscope to the X-SIGNAL INPUT and connect the 
output of the audio oscillator (2,000 cps) to the 
X-SIGNAL INPUT terminals. Make a fine adjustment 
of potentiometer Pl until the trigger is stationary on the 
oscilloscope screen. 


b. Using Search Central Trigger. If an accurate 
audio oscillator is not available, and the blocking oscil- 
lator circuit in the search central (or in the synchronizer 
of the other channel) is known to be of the proper fre- 
quency, it may be used as a standard for calibration. The 
following procedure may be used in the adjustment: 


(1) Connect the trigger output from the search central 
(or from the other synchronizer) to the Y-SIGNAL 
INPUT terminals of the test oscilloscope. Adjust the 
sweep frequency of the oscilloscope until the scope dis- 
play is as described in subparagraph (2) above. The 
SYNC. SIG. control on the oscilloscope must be set at zero. 


(2) Substitute either the positive or negative trigger out- 
put of the synchronizer to the test oscilloscope in place 
of the trigger from the search central. Adjust potentiom- 
eter Pl until the trigger is stationary on the scope screen, 
again with the SYNC. SIG. control at zero (midposition). 
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NOTE: In order to obtain a trigger from the 
search central, the TRIG. SEL. switch on the 
intercommunications panel must be thrown to 
either position 1 or position 2, depending upon 
which search central is used as a standard. 


215. COUNT-DOWN OSCILLATOR ADJUST- 
MENT. 

a. Requirements. The output pulses from the count- 
down blocked oscillator are spaced and timed to represent 
10,000-foot intervals of range. The input pulses which 
trigger this oscillator are spaced at 2,500-foot intervals. 
The count-down oscillator must be adjusted so that one 
output pulse is produced by every four input pulses. 


b. Adjustment. Adjustment of the count-down 
blocked oscillator frequency (and control of ratio of 
2,500-foot to 10,000-foot range markers) is made as 
follows: 


(1) With the radio set operating in a normal manner, 
reduce the VIDEO BRILLIANCE control on one of the 
precision indicators to the minimum position. The range 
markers should now be clear on both indicator tubes. 

(2) Using a screwdriver, turn the RANGE MARK 
RATIO TEST switch on the front panel of the synchro- 
nizer to its clockwise position. Closely spaced range 
markers representing intervals of 2,500 feet will appear 
between the 10,000-foot markers on the 10-mile indicator 
tube. The 2,500-foot markers will normally be of a lesser 
intensity (and produce a finer line) than the 10,000-foot 
markers. If intensities are approximately equal, turning 
the test switch alternately on and off during the adjust- 
ment procedure will aid in differentiating between the 
two types of markers. 

(3) Proper operation of the count-down blocked oscil- 
lator will produce one 10,000-foot range marker for every - 
four 2,500-foot range markers. When the test switch is 


. thrown on, three fine lines should appear between the 


heavy range marker lines on the 10-mile indicator tube. 
If this is not the case, adjust potentiometer P3 (fig. 361) 
on top of the synchronizer to give proper operation. 

(4) The control will have an effect on oscillator fre- 
quency only at certain critical points. Alternately rotate 
the potentiometer in both directions and determine the 
limits of proper operation. Make a final setting of the 
potentiometer, midway between these two points. 

(5) If proper operation cannot be obtained with the 
potentiometer, or the 10,000-foot range markers are un- 
stable, try replacing tubes V8 and V9. If trouble is still 
present, it may be necessary to change the voltage at the 
cathode (pin 6) of stage V8(b). This may be accomp- 
lished by substituting a resistor of slightly different value 
for R38. 


TM 11-1543 


Trouble Shooting in the Precision System 


Par. 216 


$000-FT CORNER REFLECTOR 


5000-FT RANGE MARKER 


10000°-FT CORNER REFLECTOR 


10000-FT RANGE MARKER 


TL 43478 


(a) Figure 367. Errors in range measurement. (b) 


216. CORRECTION OF RANGE DATA. 

a. Types of Error. Two types of errors occur in the 
determination of range. These two errors are due to im- 
proper operation of two separate circuits. Controls are 
provided for independent correction of the errors. Cor- 
rection procedure is described in the following sub- 
paragraphs: | 
(1) The first error is one of a fixed distance throughout 
the range of the radio set. This type of error is illustrated 
by figure 367(a). It results from the fact that the indi- 
cator sweeps are started at a time other than that at which 
the main pulse is radiated. Correction is made by the 
delay of the negative trigger in the synchronizer. 


(2) The other type of error is fixed percentage error. 
This means that if a given error occurs at a certain range, 
twice as large an error will occur at twice the range. This 
is illustrated in figure 367(b). The error is due to incor- 
rect frequency of the range marker timing oscillator. 


(3) One or both of these errors may occur in the radio 
set at the same time. While independent controls are pro- 
vided for correction, the effects of the two controls are 
similar. Adjustments must be made in the proper order 
to obtain the required results. 


b. Adjustment of Range Marker Timing Oscil- 
lator Frequency. 


WARNING: The oscillator frequency control 
is a factory preset adjustment and should be 
changed only when a change of damage oscil- 
lator circuit elements has altered the frequency 
or when range measurements errors have been 
definitely traced to improper oscillator fre- 
quency. Only experienced personnel should be 
permitted to make the adjustment. 


(1) Install two or more corner reflectors in the region 
scanned by the precision antennas, along a line through 


the radio set running parallel to the runway. If only two 
reflectors are used, install them at distances of 5,000 feet 
and 10,000 feet from the radio set. If more reflectors are 
used, install at 2,500-foot intervals up to 10,000 feet and 
at 10,000-foot intervals thereafter. 


(2) Graduate a narrow strip of paper into four divisions 
with spacing of graduations equal to the distance between 
range markers on the 2-mile indicator tube. Make a simi- 
lar scale for the 10-mile tube if corner reflectors have. 
been placed beyond 10,000 feet. The spacing of range . 
markers must be measured along the line on which the 
corner reflectors are laid out. 

(3) Lay the prepared scale on the face of the phenolic 
map and along the line of the corner reflectors. Carefully 
adjust capacitor C12 on top of the synchronizer chassis 
until the spacing of the corner signals is equal to the 
spaeing of the graduations on the prepared scale (and 
equal to spacing of range markers). Tighten the locknut 
on the variable capacitor. 

(4) While the frequency of the timing oscillator is now 
correct, errors may still be present in range measure- 
ments. If so, these errors will be due to improper nega- 
tive trigger delay and will appear as shown in figure 
367(a). Correct by the procedure outlined in subpara- 
graph d. 

c. Test-bench Adjustment of Timing Oscillator. 
If a crystal-controlled (196.6 kc) signal generator or a 
variable frequency generator with an accuracy of better. 
than 1 percent is available, use the following procedure 
to calibrate the range marker timing oscillator frequency: 
(1) Remove the gating multivibrator stage (V3) in the 
synchronizer. 

(2) Connect a d-c voltage source of -30 volts to -50 volts 
to TP3. This voltage holds stage V4(a) at cutoff and 
allows the timing oscillator to oscillate freely. 

(3) Set up the test oscilloscope with the sweep frequency 
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selector switch to the X-SIGNAL INPUT position, and 
the output of the standard signal generator fed to these 
terminals. Obtain the output of the range marker timing 
oscillator at terminal 3 of tube V5 in the synchronizer, 
and feed it to the Y-SIGNAL INPUT terminals of the 
scope. 

(4) With the output of the standard signal generator set 
at 196.6 ke carefully adjust capacitor C12 until the oscil- 
loscope display shows a circle, an ellipse, or a straight 
line running diagonally across the tube face. If the two 
signals differ slightly in frequency, the scope display 
pattern will appear to roll in a circle. Adjust C12 for a 
stationary display. 

d, Adjustment of Negative Trigger Delay. lf the 
frequency of the range mark timing oscillator is correct, 
or if -it has been adjusted by either of the above proced- 
ures, error in negative trigger delay will cause range 
measurement errors to appear as shown in figure 367(a). 
If such an error is found to be present, make adjustments 
of trigger delay as follows: 


(1) With spacing of corner reflector signals equal to 
spacing of range markers (as set by range marker timing 
oscillator frequency) adjust potentiometer P2 on top of 
svuchronizer chassis until corner reflector signals coincide 
with range markers. 


(2) Make any readjustments of amplitude, expansion, 
and tilt control on the associated sweep amplifiers that 
may he necessary. 


217. ADJUSTMENT OF BLANKING CON. 
TROLS. 

a. Servicing Commutator Circuit. The input to 
the commutator circuit, consisting of stages V18. V19. 
V20, and V21, is in the form of a d-c voltage which 
periodically changes from one value to another and then 
back to the first. Therefore, circuit analysis through the 
use of the oscilloscope is not feasible. In trouble shoot- 
ing the circuit, use the analvzer to measure voltage and 
resistance values. If the voltage values shown at pin -} 
on stages V}8 and V19 are not approximately equal to 
those shown on the voltage chart, trouble is indicated in 
the photoelectric commutator. Make all voltage measure- 
ments in this circuit with the antenna switching motors 
stopped. Make measurements first with the azimuth an- 
tenna energized and then with the elevation antenna 
energized in order to utilize all available voltage data. 


b. Receiver Gain Circuit Adjustment. Adjustment 
of the blanking gontrols, P8 and P9, in the commutator 
circuit of the synchronizer is made by first adjusting for 


_ proper operation of the receiver gain control section and 


then checking for proper operation of the indicator blank- 
ing section. Make the adjustments as follows: 
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(1) Stop the precision antenna switching motor and 
rotate the motor by hand until the r-f energy is fed to the 
azimuth antenna. The azimuth indicator tubes should 
now have a more intense trace than those of the elevation 
indicator. 


(2) Connect a voltmeter between the azimuth blanking 
terminal 5-5 and the ground. Turn potentiometer P9 to 
the region where the voltmeter reading is zero and rotate 
until the voltmeter just begins to indicate a negative volt- 
age. Adjust potentiometer P9 to this point, which is the 
point at which stage V12(b) is exactly at cutoff. 


(3) Rotate the antenna switching motors by hand until 
the elevation antenna is energized. Connect the voltmeter 
between receiver gain control terminal 6-1 and ground. 
Rotate the REMOTE GAIN CONTROL on the elevation 
director and note the range of meter reading. The range 
of voltage should be from —70 to —95 volts. A somewhat 
greater range is permissible provided the two limits men- 
tioned fall within the range. If the required range is not 
covered, make a slight adjustinent of potentiometer P9 
until the required range is covered. 


(-£) Connect the voltmeter to elevation blanking terminal 
5-3 and adjust potentiometer P8 for zero voltage at the 
terminal as explained in subparagraph (2). 


(5) Again connect the voltmeters to receiver gain control 
terminal 6-1. Rotate the antenna switching motor until 
the azimuth antenna is energized. Note the range of volt- 
age given at the terminal by complete rotation of the 
REMOTE GAIN CONTROL on the azimuth director. The 
required range is the same as previously specified. Make 
any slight adjustment of P8 necessary to obtain the re- 
quired range. 


(6) Rotate the receiver gain control on the elevation 
director to its complete range. There should be no appar- 
ent change in the voltmeter reading. 


(7) Rotate the antenna switching motors until the eleva- 
tion antenna is energized. Check that the azimuth gain 
control now has no effect on the voltmeter reading. 


c. Indicator Blanking Circuit Adjustment. (1) 
After completing adjustment of the receiver gain circuit 
and with the elevation antenna energized, connect the 
voltmeter to the azimuth blanking terminal 5-5. A read- 


‘ing of —70 volts or lower (more negative! should be 


obtained. When the azimuth antenna is energized this 
voltage should rise to zero. 


(2) Similar voltage readings should be obtained at eleva- 
tion blanking terminal 5-3 when the opposite antennas are 
energized. The voltage range at both the above terminals 
may be slichtly in excess of that given. 

(3) If the proper range of blanking voltages is not pro- 
duced, a study of the blanking action on the precision 
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indicators will indicate whether or not further adjust- 
ment of potentiometers P8 and P9 is necessary. If re- 
adjustments are made, check that remote receiver gain 
control action has not been impaired. 

(4) If a ripple, or a periodic variation in intensity, is 
present in the indicator displays, it may sometimes be 
corrected by a slight adjustment of potentiometers P8 and 
P9. Again check receiver gain control action if readjust- 
ments are made. 


218. VIDEO CIRCUIT ADJUSTMENT AND 
SERVICE. 

a. Test Procedure. No rigorous test procedure is 
necessary except the customary check on circuit continuity 
and d-c socket voltages. If defects are suspected and video 
output from the receiver is not available, the circuit can 
be tested by applving the positive trigger from synchro- 
nizer terminal 7-8 to video input terminal 8-4, thru 
Voltage Divider TS-222/MPN.-1 set to the 100:1 or HIGH 
position. Insert the test scope or synchroscope into TP11 
and compare the plate output of V22 with the known 
trigger waveform. Note the amplitude as the measure of 
the gain of V22. Apply the test lead to video output 
terminal 8-8 to observe the output of the cathode follow- 
ers V23 and V24. The waveform should be identical with 
that at TP11 except for a slight loss in amplitude. If 
video gain or waveshape at TP11 is not satisfactory, 
adjust video gain control P10. If no improvement is 
apparent, check the tubes and other circuit elements for 
defective operation. 

b. Video Gain Control Adjustment. (1) The video 
gain control, P10, is adjusted for maximum amplifier 
gain with no limiting action. 

(2) To properly adjust the control, stop the antenna 
switching motors in such a position that good fixed signals 
are obtained on the receiver. Connect the test rack syn- 
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chroscope to terminal 8-4 on the synchronizer and adjust 
the receiver gain to the lowest value at which the signals 
are visible on the synchroscope. 

(3) Connect the synchroscope test lead to terminal 8-5 
and adjust P10 to the point of maximum output signals 
and a very slight decrease in noise. This setting will he 
approximately the cut-off point of the cathode injector 
stage V22. Keep the receiver gain at as low a value as 
possible during these adjustments. 

(4) A rough adjustment of P10 may be made by con- 
necting a d-c voltmeter to terminal 8-1 and adjusting P10 
until the voltage read by the meter just reaches zero. 
During this adjustment the output of the receiver must 
be cut off by opening the receiver panel door. and the 
receiver video gain control must be at maximum. 


219. SUPPLEMENTARY DATA. 

a. Removal of Chassis from Rack. The svnchro- 
nizer can be removed from the indicator rack after remov- 
ing the four terminal boagds inside the panel door and 
the four holding screws on the front: panel. During 
removal be especially careful that the rear panel of the 
chassis does not cut the insulation on the connecting 
cables. When replacing the component. make a final 
check after connection is completed to verify the fact that 
all cables are connected to their proper terminal strips. 

b. Use of Waveform Chart. All waveforms of the 
synchronizer are shown on figure 364. A Dumont type 
241 oscilloscope was used to take all waveforms shown 
on the 5-inch grid background, while the svnchroscope 
was used to obtain the waveforms with the 3-inch back- 
ground. As an approximate indication of amplitude. the 
horizontal and vertical gain settings of the oscilloscope 
are given. Unless otherwise indicated, the Y attenuator 
is set at 100:1 and the sweep frequency control to the 


900-3K position. 


SECTION V 
INDICATING SYSTEM 


WARNING: Voltages sufficient to cause death on contact exist in Azimuth 
Indicator ID-36/MPN-1 and Elevation Indicator ID-37/MPN-1. Do not place 
hands or arms within these units with the high voltages on. Do not make 


any connections into these units which bring high voltages out to an exposed 
point. Make all tests with the high voltages off. Always ground high voltage 
capacitors before touching them or associated equipment. 





220. REFERENCE DATA. 
a. Sweep Amplifier AM-15/MPN-1. 
(1) Figure 368. Top view. 
(2) Figure 369. Bettom view. 


(3) Figure 370. Mounting boards. 
(4) Figure 150. Schematic diagram. 
(5) Figure 371. Waveforms. 
(6) Figure 372. Voltage chart. 
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(7) Figure 373. Resistance chart. : 
b. Elevation Indicator ID-37/MPN-1. 


(1) 
(2) 
(3) 
(4) 
(5) 


Cc. 


(1) 
(2) 
(3) 
(4) 
(5) 


d. 


(1) 
(2) 
(3) 


e. 


(1) 
(2) 
(3) 


f. 


(1) 
(2) 
(3) 
(4) 
(3) 
(6) 
(7) 


g- 


(1) 
(2) 
(3) 
(4) 
(9) 
(6) 


h. 


(1) 
(2) 
(3) 


Figure 374. 
Figure 375. 
Figure 160. 
Figure 376. 
Figure 377. 


Front view. 

Rear view. 
Schematic diagram. 
Voltage chart. 
Resistance chart. 


Azimuth Indicator ID-36/MPN-1. 


Figure 378. 
Figure 379. 
Figure 164. 
Figure 380. 
Figure 381. 

Elevation 
Figure 165. 
Figure 166. 
Figure 168. 


Front view. 

Rear view. 
Schematic diagram. 
Voltage chart. 
Resistance chart. 


Director Assembly MX-33/MPN.-1. 


Front view. 
Rear view. 
Schematic diagram. 


Azimuth Director Assembly MX-32/MPN.-1. 


Figure 169. 
Figure 382. 
Figure 171. 
Approach 
Figure 172. 
Figure 383. 
Figure 438. 
Figure 439. 
Figure 437. 
Figure 174. 
Figure 440. 


Front view. 

Rear view. 

Schematic diagram. 
Indicator [D-38/MPN-1. 
Front view. 

Front view, with panel open. 
Top view. 

Bottom view. 

Front interior view, with panel open. 
Schematic diagram. 

Voltage and resistance chart. 


Aural Signal Unit O-8/MPN-1. 


Figure 384. 
Figure 385. 
Figure 386. 
Figure 179. 
Figure 387. 
Figure 388. 
General. 
Figure 253. 
Figure 254. 
Figure 255. 


Top view. 

Bottom view. 
Mounting boards. 
Schematic diagram. 


‘Waveforms. 


Voltage and resistance charts. 


Capacitor color code. 
Resistor color code. 
Tube base chart. 


221. SPECIAL INFORMATION. 


a. Removal of Precision Directors. (1) In con- 
trast to other components of the radio set, the terminal 
boards on the precision directors must be removed after 
the components are removed from the rack. To take out 
either director, remove the operator’s table, loosen the 
panel screws holding the director, and partially slide the 
component out of the rack. The terminal boards will then 
be available on the left side of the chassis behind the slop- 
ing panel. 


(2) Use care in the removal of directors to prevent 
damage to map light. On certain types of precision indi- 
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cators, the map light bulb is extended below the indicator. 
When such a unit is in use, sliding the associated director 
out of the indicator rack results in striking and breaking 
the map light bulb. Take out both bulbs before removing 
the director. 


b. Adjustment of Precision Indicator Tubes. 
(1) In the alignment of the precision indicators it is 
often necessary to adjust the position of the cathode-ray 
tubes. Such adjustments require access to the rear of the 
indicator and to the clamp holding the tube mount. 


(21 Access may be gained to the rear of certain early 
production indicators only by the removal of the channel 
B sweep amplifier. Later models, however, are provided 
with a removable relay panel. When this panel is loosened 
and moved to one side, sufficient space is provided for 
access to the tube mount clamp. 


222. PROCEDURE. 

a. Use of Trouble-shooting Chart. While faults 
may occur in any part of the radio set, nearly all will 
cause some symptom of trouble to appear in either the 
search or the precision indicating system. The trouble- 
shooting chart in chapter 6, section III, based on the start- 
ing procedure of the radio set, has been designed to isolate 
these troubles to a definite system or even a single com- 
ponent of the set. Therefore, when symptoms of trouble 
appear in the indicating system, use the following pro- 
cedure to locate the source of the trouble: 


(1+ When trouble is detected, first refer to the starting. 
procedure trouble-shooting chart, chapter 6, section III. 
Information given there will aid service personnel in isolat- 
ing the trouble to a system. 


(2) If the trouble has been found to exist in the indicat- 
ing system, next refer to the trouble-shooting chart given 
in this section. Due to the complexity of certain systems 
in the radio set, system trouble-shooting charts are pro- 
vided for isolation of trouble to components, and com- 
ponent trouble-shooting charts are then provided for final 
isolation of the fault. 


(3) Since the components of the indicating system are 
not closely connected electrically, no system trouble-shoot- 
ing chart has been provided with the exception of the 
sweep amplifier and associated indicator. The nature of 
any trouble that might occur will immediately disclose 
which component is faulty. In the case of the sweep 
amplifiers and precision directors, by far the greater 
number of troubles will occur in the sweep amplifier 
because of its greater complexity. Refer first to the sweep 
amplifier trouble-shooting chart, and if no trouble is 
found then check the associated indicator. 


b. Test Equipment. The use of test equipment is 
fully discussed in chapter 6. Before using any test equip- 
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ment for trouble shooting, become thoroughly familiar 
with its operation and capabilities. Except where noted, 
all test equipment used is provided with the radio set. 


ec. Use of Supplementary Data. In following the 
trouble-shooting charts for location of faults, references 
are often made to figures giving voltage, resistance, and 
waveform data. When checking waveforms, reniember 
that while waveforms will differ slightly with each indi- 
vidual radio set, their forms in general will be very much 
like the typical waveforms shown. All voltages have been 
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taken with a meter of 20,000 ohms-per-volt sensitivity. 
Meter range as well as sensitivity will affect the value of 
the readings. Always use the highest meter scale possible 
that will still give a readable indication. Operating posi- 
tions of potentiometers will affect certain voltage and 
resistance values. Take this into account when comparing 
measured values with those specified. All voltage values 
are taken with the component in operation. Resistance 
measurements must be made with the component removed 
and cables disconnected. 


223. TROUBLE-SHOOTING CHART FOR SWEEP AMPLIFIER. 


_ a. 2-mile Channel. 


A. SYMPTOMS: 


1. No trace qn 2-mile display tube. 
2. Focused spot present on 2-mile tube. 
3. Normal trace on 10-mile tube. 


PROBABLE LOCATION OF FAULT 
1. 2-mile multivibrator V1. 


PROCEDURE 
la. Check waveform at TP1 on sweep amplifier. 


b. Replace tube V1 (6SN7-GT). 
c. Check voltages and resistances of stage V1 against charts (figs. 
372 and 373). 


2. Precision indicator. 


2a. Check waveforms at terminals 2 and 3 of connector strip 11. 


b. Refer to indicator trouble-shooting chart (par. 224). 


B. SYMPTOMS: 


1. No angular sweep or distorted sweep on 2-mile tube. 


2. Normal trace on 10-mile tube. 





PROBABLE LOCATION OF FAULT 


1. Square wave modulator stage or amplifier 
stage (waveform at TP] normal, waveform 


at TP2 abnormal). 


PROCEDURE . 
la. Replace tube V2 (6SJ7-GT). 
b. Replace tube V3 -(6SN7-GT). 
c. Check setting of P2, 2-mile EXPANSION control. 


d. Check voltage and resistance of the two stages against the charts 


2. Cathode follower stage Y4 and V5 (wave- 
form at TP2 normal, waveform at terminal 
3 of connector strip 11 abnormal). 

3. Deflection coil in precision indicator. 


C. SYMPTOMS: 


(figs. 372 and 373). 
2a. Replace tubes V4 and V5 (807’s). 
b. Check voltage and resistance of V4 and V5 stages against the 


charts (figs. 372 and 373). 
3. Refer to indicator trouble-shooting chart (par. 224). 


~ 


1. Distorted vertical sweep (azimuth) or distorted horizontal sweep (elevation) on 


2-mile tube. 


2. Normal trace on 10-mile tube. 
3. Waveform normal at terminal 3 of connector strip 11. 
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PROBABLE LOCATION OF FAULT PROCEDURE 

1. Inverter stage V11(a), square wave modu- la. Replace tubes V6 (6SJ7-GT), V7 (6SN7-GT), and V1l (6SN7- 
lator V6, or amplifier stage V7 (waveform GT) one at a time and note results. _ 
at TPl normal, waveform at TP3 abnor- b. Check settings of P5, 2-MILE RANGE MARK TILT, and P6, 
mal). 2-MILE TIMEBASE AMP controls. 


c. Isolate fault to a particular stage by checking waveforms (fig. 
371A) and then check voltage and resistance of the defective 
stage (figs. 372 and 373). 
2. Cathode follower stage V9 and V10 (wave- 2a. Ricloce tubes V9 and V10 (807’s). 


form at TP3 normal, waveform at ter- b. Check voltage and resistance values against charts (figs. 372 and © 
minal 2 of connector strip 11 abnormal). 373). 
3. Deflection coil in precision indicator. 3. Refer to indicator trouble-shooting chart (par. 224). 


D. SYMPTOMS: 


1. Return timebase sweep visible on 2-mile tube. 


2. Trace on 10-mile tube normal. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Amplifier V11(b) and cathode follower la. Replace tubes V11 (6SN7-GT) and V12 (6V6-GT). 
V12. b. Measure voltage and resistance values and check against charts 
| (figs. 372 and 373). 
2. Precision indicator circuits. 2. Refer to indicator trouble-shooting chart (par. 224). 


b. 10-mile Channel. 


A. SYMPTOMS: 
1. No trace on 10-mile display tube. - 
2. Focused spot present on 2-mile tube. 
3. Normal trace on 2-mile tube. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. 10-mile multivibrator V13. la. Check waveform at TP5 on sweep amplifier. 
b. Replace tube V13 (6SN7-GT). 
c. Check voltage and resistance readings against charts (figs. 372 
and 373). 
2. Precision indicator. 2a. Check waveforms at terminals 6 and 7 of connector strip 10. 
b. Refer to indicator trouble-shooting chart (par. 224). 


1. No angular sweep or distorted sweep on 10-mile tube. 


2. Normal trace on 2-mile tube. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Square wave modulator V14 or amplifier la. Replace tube V14 (6SJ7-GT) or tube V15 (6V6-GT ). 
V15 (waveform at TP5 normal, waveform b. Check setting of P8, 10-MILE EXPANSION control. - 
at TP4 abnormal). _ @. Fsolate fault to a particular stage by checking waveforms (fig. 
| 371B) and then check voltage and resistance values of the de- 
' fective stage (figs. 372 and 373). 
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2. Clamping tubes V8, V16, and V21. 2a. Replace V8 (6SN7-GT), V16 (6SN7-GT), and V21 (6SN7-GT), 
r and note results. | 
| b. Check waveform at pin 1 of V8 and V16. ° 
3. Cathode follower stage V17 (waveform at 3a. Replace tube V17 (807). 
TP4 normal, waveform at terminal 7 of b. Check voltage and resistance readings at V17 against charts (figs. 
connector strip 10 abnormal) ._ 372 and 373). 
4. Defective coil in precision indicator. 4. Refer to indicator trouble-shooting chart (par. 224). 


Cc. SYMPTOMS: 


1. Distorted vertical sweep (azimuth) or distorted horizontal sweep (elevation) on 
10-mile tube. _ 

2. Normal trace on 2-mile tube. 

3. Waveform normal at terminal 7 of connector strip 10. 


PROBABLE LOCATION OF FAULT = ~—~ PROCEDURE 


1. Inverter stage V24(a), square wave modu- la. Replace tubes V19 (6SJ7-GT), V20 (6V6-GT), and V24 (6SN7- 
lator V19, or amplifier stage. V20 (wave- GT), and note results. 
form at TPS normal, waveform at TP6 ~~ _—siOz. Check settings of P11, 10-MILE RANGE MARK TILT, and P12, 
abnormal). 10-MILE TIMEBASE AMP. controls. 


c. Isolate fault to a particular stage by checking waveforms (fig. 
371B) and then check voltage and resistance values of the de- 
| fective stage (figs. 372 and 373). 
2. Clamping tubes V8 and V16. ) 2a. Replace V8 (6SN7-GT) and V16 (6SN7-GT), and note results. 
. b. Check waveform at pin 4 of V8 and V16. 
3. Cathode follower stage V22 (waveform at 3a. Replace tube V22 (807). 


TP6 normal, waveform at terminal 6 of b. Check voltage and resistance values against charts (figs. 372 and 
connector strip 10 abnormal). 373). | 
4. Deflection coil in precision indicator. 4. Refer to indicator trouble-shooting chart (par. 224). 


‘D. SYMPTOMS: 


1. Return timebase sweep visible on 10-mile tube. 
2. Trace on 2-mile tube normal. 


PROBABLE LOCATION OF FAULT PROCEDURE 


1. Amplifier V24(b) and cathode follower la. Replace tubes V24 (6SN7-GT) and .V25 (6V6-GT). 
V25. — b. Measure voltage and resistance values and check against charts 
(figs. 372 and 373). , 
2. Precision indicator circuits. : 2. Refer to indicator trouble-shooting chart (par. 224). 


E. SYMPTOMS: 


1. Trace on 10-mile tube ‘will not center properly. 
2. Trace on 2-mile tube normal. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Centering tubes V18 or V23. la. Replace V18 and V23 (6V6-GT), and note results. 
b. Check setting of P9 and P10, 10-MILE CENTERING controls. 
c. Check voltage and resistance values of V18 and V23 against 
charts (figs. 372 and 373). 


sll 


"Service Manual TM 11-1543 


c47T2 Cl Ti C8 T4C26 C30 T3C33C28032 
"ples | he > eee | 





4 — 
. ws * : v ~ . \e 
ae 3 : if & = 
4 





VI6 


TP6 
v2e2 
vI7 
v20 
TP4 
VI5 
PI3 
Vl 
v8 
val 
v24 


AiO All | TPI 
OR OR 
BiO Bil V23. V25 P7 TPS vi4 356364 


Figure 368. Sweep Amplifier AM-15/MPN-1, top view. 
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Figure 369. Sweep Amplifier AM-15/MPN-1, bottom view. 
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224. TROUBLE-SHOOTING CHART FOR PRECISION INDICATORS. 


A.. SYMPTOMS: 


1. No sweep or spot on both tubes of one indicator. 
2. Display on other precision indicator normal. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. Improper reset controls. 1. Turn the TIME BASE INTENSITY controls on the indicator 
: panel to the maximum clockwise position. 

2. Indicator blanked by photoelectric com- 2. Start antenna switching motors with switch SW17 on the power 


mutator. distribution panel. If they do not start, check power distribution 
i circuits. 
3. Filament transformer. 3. Check voltage between terminal 3 and 5 of transformer T1. Proper 
value of voltage is 6.3 volts ac. 
4. No 4-kv supply. 4. Turn off the high-voltage supplies with circuit breaker SW11 


on the power distribution panel. Place a jumper from ground 
to the high-voltage terminal on all indicator tubes to discharge 
any capacitors. Check continuity from tube high-veltage to the 
high-voltage power supply in use by the precision system. 


B. SYMPTOMS: 


1. No sweep or spot on one precision indicator tube. 
2. All other tubes operating normally. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Improper setting of controls. la. Turn the TIME BASE INTENSITY control on the indicator to 
its maximum clockwise position. 
b. Adjust the associated centering controls on the sweep amplifier. 


2. Faulty indicator tube. 2. Check filament continuity. If no other source of trouble can be 
found, insert a new indicator tube. 
3. No 4-kv supply. 3. Turn off 4-kv supplies (circuit breaker SW11 on power distribu- 


tion panel). Place jumper between ground and indicator tube 
high-voltage terminal to discharge any high-voltage capacitor in 
the circuit. Check continuity of high-voltage terminal to other 
indicator tubes to high-voltage supply (PP-23) in use. 





C. SYMPTOMS: | 
1. No sweep or a distorted sweep appears on one or both tubes on one precision 
indicator. | 


2. Spot which can be focused appears on indicator tubes. 


PROBABLE LOCATION OF FAULT PROCEDURE 


1. Faulty sweep generating coils. 1. Measure resistance to ground on terminals leading to sweep coil. 
Infinite resistance indicates an open circuit and, as a result, no 
sweep. : 


2. Channel switching relays. 3 2. Check for presence of sweep voltage from sweep amplifier at 
. sweep coil terminals. No voltage indicates faulty relays or faulty 

sweep amplifier. Check that relays are in proper position, de- 

pending on which channel is in use, and that contacts are good. 
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Figure 371B. Sweep Amplifier AM-15/MPN-1, waveforms. 
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TE. 

L CONTROLS FULLY CLOCKWISE. 

LE AND FEMALE CONNECTER STRIP 
TACHED -LE ECT-2F TO ECT-2M AND ECT-IOF TO ECT-1OM. 
(A) 2MILE CRT CONNECTOR STRIP VALUES. 

(8) O-MILE CRT CONNECTOR STRIP VALUES. 

CUS COIL RESISTANCE 22K. 

TAL DEFLECTION COILS RESISTANCE (TERMINALS 
TO 6) 8O OHMS FOR 2-MILE CRT AND 1100 

MS FOR IO-MILE CRT. 
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Figure $77. Elevation Indicator ID-37/MPN-1, 
resistance chart. 
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3. Sweep amplifier. 3. Check output of associated sweep amplifier. If incorrect, refer to 
paragraph 223. 


D. SYMPTOMS: 3 
1. Unfocused sweeps appear on one or more precision indicator tubes. 
2. All sweep patterns normal. 


PROBABLE LOCATION OF FAULT PROCEDURE 

1. Improper setting of controls. 1. Adjust the FOCUS control on the faulty tube or tubes. 

2. Faulty focus control or coil. 2. Measure the resistance of the focus potentiometer (P3 or P6). 
Check the resistance of the focus coil as given on the resistance 
chart. : 

3. Improper focusing voltage. 3a. If fault exists on elevation indicator only, check 300-volt lead 


between indicators. 
b. Check contacts on RY1 in the azimuth indicator. 
—c. Loss of the 300-volt supply will also result in loss of control of 
indicator display intensity. | 


1. Indicators improperly blanked. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. Faulty circuit elements. , 1. Check for grounded bypass capacitor or open series resistor to 
terminal 5 of the indicator tube. If fault occurs on all tubes, 
the shorted capacitor is the probable fault. If only one tube is 
affected, look for an open series resistor. 


2. Channel switching relay. 2. Check RY1 in the affected indicator for proper position and 
operation of contact. 
3. No blanking voltage. 3. Using d-c voltmeter, check for approximately 70-volt change on 


‘blanking terminal (5-3 or 5-5) of the synchronizer. Improper 
blanking voltage indicates fault in synchronizer or photoelectric 
commutator. 


F. SYMPTOMS: 
1. No video signals on precision indicators. 
2. Transmitter rack synchroscope shows signals are present on precision system. 


PROBABLE LOCATION OF FAULT PROCEDURE 

1. Improper trigger. la. Check that the TRIG. SEL. switch on the intercommuntications 
:panel is in the X position. | 

| b. If trouble is not cleared, refer to item 2. 
' 2. Faulty circuit elements. 2. Check for faulty video brilliance control (P1 and P4) or coupling 
| capacitor (Cl or C4). No signals on all tubes indicate a shorted 
brilliance control while a lack of signals on one tube indicates no 
| coupling capacitor. | 
3. Video amplifier and synchronizer. 3. Check video output at terminal 8-8 of synchronizer. A lack of 
signal indicates a faulty synchronizer circuit or open connections 
to the transmitter rack. Refer to chapter 8, section IV. 
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225. TROUBLE-SHOOTING CHART FOR PRECISION DIRECTORS AND APPROACH INDICATOR. 


A. SYMPTOM: 


1. Azimuth or elevation meter does not indicate when tracking cursor is off glidepath. 


- 


PROBABLE LOCATION OF FAULT PROCEDURE 
1. Error potentiometer. la. Check voltage across terminals 2 and 3 of connector strip AB19, 
or across terminals 3 and 4 of connector strip AB5. This voltage 
should be 35 volts dc. 
b. If no voltage is present, check RECT. 2 in aural signal unit. 
c. If voltage is normal. disconnect connector and check continuity 
of error potentiometer. 
2. Azimuth or elevation errormeter. 2. Check error voltage at terminal 4 of connector strip AB19 (azi- 
| | muth) or terminal ] of connector strip AB6 (elevation). If 
normal, check continuity of errormeter circuit in aproach indi- 
cator. 
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Figure 382. Azimuth Director Assembly MX-32/MPN.-1I, 
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B. SYMPTOM: 





1. Map and cursor lights do not glow with illumination potentiometer turned fully 
clockwise. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Transformer T1. la. Measure voltage (117 volts ac) at terminals 1 and 2 of connector 
strip AB17 (azimuth) and connector strip AB5 (elevation). 


6. Check continuity of transformer and replace if necessary. 


2. Illumination controls. 2. If either cursor or map lights fail to glow, check continuity of 
corresponding illumination potentiometer, Pl and P2 for azimuth 
director and P4 and P5 for elevation director. 


ed 


1. Receiver remote gain control defective. 


2. Local gain control normal. 





PROBABLE LOCATION OF FAULT PROCEDURE | | 
1. Remote gain control potentiometer. _ la. Check continuity of potentiometer P4 (azimuth) or P3 (eleva- 
tion). Replace if necessary. 


b. Check continuity of remote gain control circuit by reference to 


cabling diagrams. 


226. TROUBLE-SHOOTING CHART FOR AURAL SIGNAL UNIT. 


1. No audio tone heard from aural signal unit in any position o azimuth tracking 


cursor. 2 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Power supply circuit in aural signal unit. la. Check voltage at pin 5 of V5. | 
b. Replace rectifier tube V7 (SR4GT) and voltage regulator tubes 


V5 (VR-105) and V6 (VR-150). 
c. Check continuity of rectifier circuit. 
2. Relaxation oscillator V8 or cathode fol- 2a. Check waveform of audio output at terminal 4-5 with test oscillo- 
lower V10(b). scope. | | 
6. If waveform is normal, refer to trouble noone J in the comimuni- 
cations system. 
c. If waveform is abnormal, replace tubes V8 (884) and V10 
(6SN7-GT). 
d. Check waveform at pin 3 of V8 and measure voltage and resist- 
- ance values (figs. 388A and 388B). 
3. Keying multivibrator. 3. Cavacitor C16 shorted. 
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Figure 384. Aural Signal Unit 0-8/MPN-1, top view. 
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Figure 386. Aural Signal Unit 0-8/MPN-1, 
mounting boards. 
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1. Solid audio tone with azimuth tracking cursor on either side of glidepath. 


2. Tone rises normally with increasing deviations from glidepath. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Keying multivibrator V9, or switch tube la. Replace tubes V9 (6SN7-GT) and V10 (6SN7-GT). . 
V10(a). b. Check waveform (fig. 387) at pin 5 of V9, and pin 2 of V10. 


c.. Measure voltage and resistance values and check against charts 
(figs. 388A and 388B). 


Cc. SYMPTOMS: 
1. Decreasing pitch or no tone audible as azimuth tracking handwheel is turned 
clockwise. 
2. Normal broken rising pitch audible as handwheel is turned counterclockwise. 


PROBABLE LOCATION OF FAULT PROCEDURE 
1. Reversing circuit, V1. la. Check adjustment of potentiometer P1. 
b. Replace tube V1 (2050). 
c. Relay RY1 defective. 
d. Bias rectifier, RECT. 1, circuit defective, check voltage output 
and replace if necessary. 
2. Reversing relay RYS. 2. Relay RY5 does not operate, check continuity of winding and 
wiring through relay RY1. 


D. SYMPTOMS: 
1. Intermittent ON COURSE tone of rising pitch as tracking handwheel is turned 
counterclockwise. | 
2. Normal rising pitch as handwheel is turned clockwise. 


PROBABLE LOCATION OF FAULT PROCEDURE 
1. Inner marker circuit, V3. la. Check setting of potentiometer P3. 
| b. Replace tube V3 (2050). 
c. Check voltage and resistance values (figs. 388A and 388B). 
2. Relay RY3. 2. Relay RY3 does not overate. Check continuity of winding. 


1. No high warning tone as azimuth tracking handwheel is turned fully clockwise or 
counterclockwise. 


2. Audio tone within outer marker limits normal. 





TM 11-1543 


PROBABLE LOCATION OF FAULT 


1. Outer marker circuit, V4. 


Trouble Shooting in the Precision System 


PROCEDURE 
la. Check setting of potentiometer P4. 





Pars. 226-229 


b. Replace tube V4(2050). 
c. Measure voltage and resistance values (figs. 388A and 388B). 


2. Relay RY4. 


F. SYMPTOM: 


2. Relay RY4 does not operate, check continuity of winding. 


1. Elevation warning light does not operate when azimuth tracking handwheel is 
turned fully clockwise or counterclockwise. 





PROBABLE LOCATION OF FAULT 


1. Elevation warning light circuit in approach 
indicator. 


2. Elevation warning circuit V2. 


PROCEDURE . 
1. Refer to approach indicator trouble-shooting chart (par. 225). 


2a. Check setting of potentiometer P2. 


~ b. Replace tube V2 (2050). 
c. Measure voltage and resistance values (figs. 388A and 388B). 


d. Bias rectifier, RECT. 3, circuit defective, check voltage output 
and replace if necessary. 


3. Relay RY2. 


3. Relay RY2 does not operate, check continuity of winding. 





227. SWEEP AMPLIFIER ADJUSTMENTS. 


a. Indicator Alignment. All controls for alignment 
of the precision indicators are mounted on the front 
panel of the associated sweep amplifier, with the excep- 
tion of potentiometer P13 which is mounted on the 
bracket on top of the sweep ampltfier chassis. Complete 
instructions for the setting of these controls are given in 
paragraphs 63 to 67 and addendum I of TM-1343. 


b. Adjustment of Gate Width. (1) Unless some 

object of special interest (such as trees, hills, etc.) exists 
just beyond 10 miles, adjust the 10-mile gate width con- 
trol (P7) for a gate of exactly 50,000 feet. This adjust- 
ment will produce a display, with the sweep blanked im- 
mediately after the fifth 10,000-foot range marker. 
(2) Since the maximum possible information is desired 
on the 2-mile indicator tube, adjust the 2-mile gate width 
for this condition. The maximum usable information will 
be obtained if the sweep is blanked approximately 1 inch 
beyond the fourth 2,500-foot marker. 


228. ADJUSTMENT OF FOCUS COIL. While the 
FOCUS controls on the indicators will ordinarily pro- 
vide complete adjustment of the indicator tube focus, re- 


placement of a cathode-ray tube or other service work’ 


May necessitate a resetting of the fous coil. The coil is 


clamped in position by the three knurled thumbnuts on 
the indicator tube mount. To adjust the coil, loosen the 
three nuts and move the coil to the desired position. The 
coil should be adjusted so that with the focus control at 
the center of its position, and with the sweep amplifier in- 
operative, the large unfocused spot changes to a focused 
spot without a shift in position when the 300-volt focus- 
ing voltage is supplied. 


229. REMOVAL OF PRECISION CRT’S. To re- 
place a defective precision cathode-ray tube, proceed as 
follows: 

WARNING: Make certain 4-kv power supply is 

off and all high-voltage capacitors are discharged 

before the CRT is removed. ‘Handle the CRT 


with care. 


a. Remove relay assembly from top of precision indi- 
cator to obtain access to CRT socket connection. 


b. Remove tube cap from tube shield and disconnect 
tube base socket. 


c. Remove potentiometer panel to obtain access to 4-kv 
plug connection to CRT. Disconnect 4-kv connector. 


d. Take out the four retaining screws on front of indi- 
cator and remove the phenolic tube shield and cursor. 
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e. Pull out hinge plate, tube retainer, and CRT, being 
careful not to strike tube against side of indicator. 


f. Loosen the three holding screws and remove tube 
retainer from defective CRT. 


g- Replace tube retainer on new CRT and install new 
tube in the precision indicator following the reverse of 
the foregoing procedure. 


230. MIRROR ALIGNMENT. A semitransparent mir- 
‘ ror must be aligned so that the reflection image of the 
two precision indicator tubes appears to lie in the plane 
of the mape which are mounted on the associated director 
panel. An improper adjustment results in parallax, and 
the reflected image appears to shift its position relative to 
the map as the observer shifts his head. To adjust the 
mirror proceed as follows: 


a. Three knurled thumbscrews are provided for adjust- 
ment of the mirror. Two of these thumbscrews are located 
at the two inner corners of the mirror, while the third is 
at the center of the outside edge. All are located under the 
mirror and are-accessible to the operators. 


b. Turn the map light to full brilliancy or use the 
‘ fluorescent trouble lamp to provide additional lighting on 
the phenolic map. Start the radio set, with the exception 
of turning up the high voltage and stop the switching 
motors so that there is a stationary trace on the indicator 
whose mirror is to be adjusted. 


c. Using the straight edge of a piece of white paper 
lay the paper on the phenolic map along the image of the 
indicator tube trace and with a spacing of approximately 
%« inch between the trace and the paper. 


d. Move from side to side and note if the spacing 
between paper and trace varies. .-A few minutes of observ- 
ing the display will make it apparent as to whether the 
image is above or below the plane of the map. 


e. If the indicator tube image is directly below the 
map, raise all parts of the mirror an equal amount with 
the three ‘adjustment controls. Check for parallax on all 
parts of both indicator tubes to determine if the tilt of 
the mirror is correct. Readjust the thumbscrews individu- 
ally to correct tilt if necessary. 


_f. During the mirror alignment. make frequent read- 
justments of the “main bank” pin and the phenolic map 
on the director. Adjustment of the map, together with the 
- tilt and height of the mirror, will give a final optimum of 
position. Some approximations will have to be made as 
some curvature on the indicator tube faces may prevent 
accurate alignment at all points with the phenolic maps 
(which are plane surfaces). 
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231. ADJUSTMENT OF AZIMUTH ERROR- 
METER. 


a. A meter sensitivity adjustment, P11, is provided on 
the approach indicator to insure that the errormeter con- 
verts the error voltage into exact distance as indicated on 
the meter scale. In addition, two variable shunt resistors 
are connected across the ends of the azimuth error poten- 
tiometer to provide a contracted scale at the outer limits 
of the indicator needle travel. These shunt resistors, Rl 
and R2, are preset by the manufacturer and should not be 
tampered with in the field. 


b. To adjust the azimuth errormeter sensitivity, firet 
insure that the 2-mile and 10-mile display sweeps and 
tracking cursors are properly aligned with the phenolic 
maps as described in paragraphs 64 and 65 of TM 11-1343. 
Measure voltage between terminals 1 and 2 of connector 
strip 4 on the aural signal unit. This voltage should be 
35 volts, if not, adjust P8 for correct voltage reading. 


' With these alignments correct, move the tracking cursor 


to the angle marks along the base of the phenolic map and 
check the azimuth errormeter reading against the value 
given in the table below. The distances given in the chart 
are measured from the inscribed vertical line on the map. 
Thus, to determine the true deviation from the center line 
of the runway, it will be necessary to subtract a constant 
factor (X), equal to the actual distance between the center 
of the azimuth antenna and the center line of the runway, 
from the value given in the chart when the tracking cur- 


sors are on the runway side of the inscribed vertical line. 


Similarly, when the tracking cursors are on the opposite 
side of the inscribed veystical line from the runway, it will 
be necessary to add a constant factor (X) to the value 


. given in the chart. 


Tra Azimuth errormeter reading 


setting 


10-mile cursor 
(1”=3,333') 


2-mile cursor 


(1"”=666') 


1,733 = X feet 
3,466 + X feet 
5,233 == X feet 


2° point 346 + X feet 
4° point 693 += X feet 
6° point | 1,046 + X feet 


-X = distance in feet between center line of runway 
and center of azimuth antenna. 


c. Any discrepancies between the values given in the 
chart and those as read on the azimuth errormeter for 
the corresponding tracking cursor settings can be cor- 
rected. by a slight adjustment of the sensitivity control, 
P11, located on the front panel of the approach indicator. 





3 
RELAXATION OSCILLATOR, V8* 
Pin 3 (V10, pin 4) 
Y GAIN 30 
X GAIN 40 





q 
AUDIO OUTPUT* 
Terminal 4-5 
Y GAIN 100 
X GAIN 40 
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4 
CATHODE FOLLOWER, V10(b)* 
in 
Y GAIN 14 
X GAIN 40 
TL 43487 


Figure 387. Aural Signal Unit 0-8/MPN-1, waveforms. 
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} ; C6 NOTE: ALL VOLTAGES OC UNLESS OTHERWISE 
SHOWN. C8 
UPPER VOLTAGE READINGS TAKEN WITH 
AZIMUTH ANO ELEVATION CURSORS FULLY 
CLOCKWISE (+115 VOLT) 
LOWER VOLTAGE READINGS TAKEN WITH 
AZIMUTH AND ELE VATION CURSURS FULLY 
COUNTER CLOCKWISE (-1!5 VOLTS). 
ALL VOLTAGE MEASUREMENTS MADE 
TO GROUND WITH 20,000 OHMS PER 

C4 VOLT METER. 


% METER UPSETS CIRCUIT OPERATION Cl5 


172 
160 
NC 


TL 360018 


Figure 388A. Aural Signal Unit 0-8/ MPN-1, voltage chart. 
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, | C6 NOTE. ALL VOLTAGES DC UNLESS OTHERWISE 
SHOWN 


ALL RESISTANCES MEASURED TO GROUND 
NC WITH UNIT REMOVED AND ALL PLUGS 
DISCONNECTED,P1 AND P7 AT MIDPOSITION. 
VOLTAGE READINGS MADE WITH AZIMUTH 
AND ELEVATION CURSORS IN GLIDE PATH 
mo POSITION. 
aC ALL VOLTAGE MEASUREMENTS MADE 
C4 WITH 20,000 OHMS PER VOLT METER. 


nc % METER UPSETS CIRCUIT OPERATION. Cl5 


TL 36001A 


Figure 388B. Aural Signal Unit 0-8/MPN-1, voltage and 
resistance chart. 
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232. ADJUSTMENT OF ELEVATION ERROR- 
METER. 


a. A meter sensitivity adjustment is also provided on 
the approach indicator to insure that the elevation error- 
meter is properly calibrated. This control, P10, is ad- 
justed in a manner similar to that for the azimuth sensi- 
tivity control. Two preset adjustments, Rl and P2, are 
associated with the elevation error potentiometer and are 
preset by the manufacturer. These adjustments should not 
be tampered with in the field. 


_ b. To adjust the elevation errormeter sensitivity, first 
insure that the 2-mile and 10-mile elevation display sweeps 
and tracking cursors are properly aligned with the phen- 
olic maps as described in paragraphs 66 and 67 of TM 
11-1343. The following procedure should be used to check 
the calibration of the elevations errormeter: 

(1) Rotate the elevation trackers’ handwheel until the 
cursors are in the glidepath position (elevation errormeter 
reads zero feet deviation). , 
(2) Loosen the clamping nut on the 2-mile cursor and 
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move the cursor in a vertical direction until it coincides 
with the nearest angle mark inscribed along the right-hand 
vertical line of the phenolic map. (Do not change the 
angular setting of the cursor.) Tighten the clamping nut. 
(3) Move the 2-mile cursor either up or down, by means 
of the elevation handwheel, to the next angle mark. This 
corresponds to a vertical deviation of an approaching 
aircraft of 176 feet (1 inch on the 2-mile map represents 
200 feet). Thus the elevation errormeter should indicate 
a deviation of 176 feet. 

(4) Move the 2-mile cursor to the next:angle mark. The 
elevation errormeter should now read 352 feet deviation. | 
(5) If the elevation errormeter does not correspond to 
the deviations in (3) and (4), slightly adjust the meter 
sensitivity control P10 on the front panel of the approach 
indicator until the correct reading is obtained. 

(6) Rotate the elevation handwheel until the meter indi- 
cates zero deviation (glidepath position), and loosen the 
clamping nut on the 2-mile cursor. Move the cursor until 
it intersects the touchdown point and tighten the clamping 
nut. 


SECTION VI 


SCAN SYNCHRONIZING AND ANTENNA POSITIONING SYSTEM 


233. REFERENCE DATA. 
a. Angle Coupling Unit CU-14/MPN-1. 
(1) Figure 389. Top view. 
(2) Figure 390. Bottom view. 
(3) Figure 188. Schematic diagram. 
(4) Figure 394. Voltage chart. 
(5) Figure 395. Resistance chart. 


b. Commutator Unit SA-40/MPN-1. 
(1) Figure 391. Front oblique view. 
(2) Figure 392. Rear view. 
(3) Figure 192. Schematic diagram. 
(4) Figure 397. Voltage chart. 
(5) Figure 398. Resistance chart. 


c. General. | 
(1) Figure 396. Angle coupling and commutator junc- 
tion box, schematic diagram. 
(2) Figure 193. Precision anterma follower assemblies. 
(3) Figure 253. Capacitor color code. 
(4) Figure 254. Resistor color code. 
(5) Figure 255. Tube base chart. 


234. PROCEDURE. 
a. Faults in the scan synchronizing system will, in gen- 
eral, appear as an absence of scan or as a distorted scan 


sweep on either the elevation or azimuth precision indi- 
cators. The majority of faults in this system will be 
caused either by circuit defects or faulty connections in 
the angle coupling unit or commutator unit, or by malad- 
justment of the preset adjustments in the angle coupling 
unit and synchronizer. Before attempting to locate faults 
in the scan synchronizing system, first insure that the angle 
coupling anit is properly aligned (par. 236). With this. 
unit properly aligned, faults can be isolated by means of 
step 13 (par. 158) of the start procedure trouble-shooting 
chart to the scan synchronizing system. Reference should 
then be made to the scan synchronizing system trouble- 
shooting chart in the following paragraph, and to the 
voltage and resistance charts which can be used to isolate 
faults to a defective element. 


b. Faults in the antenna positioning system will be of 
a mechanical nature, which can usually be located by 
inspection. The alignment of the antenna positioning cur- 
sors on the precision indicators should be checked fre- 
quently with the position of the precision antenna to in- 
sure that the antenna positioning system is functioning 
normally. 
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235. TROUBLE-SHOOTING CHART FOR SCAN SYNCHRONIZING SYSTEM. 


A. SYMPTOMS: 
1. No timebase scan on both tubes of one precision indicator, other indicator scan 
normal. 
2. No angle voltage at terminal 10-3 on associated sweep amplifier. 


PROBABLE LOCATION OF FAULT PROCEDURE , 

1. Trailer wiring to angle coupling unit. 1. Check voltage at terminal 3 of conector strip CS30 on angle 
coupling unit (2-52 volts). If output is normal, check continuity 
of trailer wiring between synchronizer and angle coupling unit. 

2. Angle coupling unit. 2a. If no output appears at terminal 3, measure plate supply voltages 
at terminals 4, 6, and 7 (—102, a and +500 volts, respec- 
tively ). | 

b. Replace tubes V1, V2, and V3, one at a time, and note if fault 
is cleared. | 

c. If abnormally high voltage i is present at terminal 3 but does not 
sweep, check cable connections between angle capacitor and vange 
coupling units. | 

d. Check voltage and resistance values against the charts (figs. 394 
and 395). : 


B. SYMPTOMS: 
1. Brilliant line at edges of EPI scan. 


2. Signals and timebase sweep normal. 





PROBABLE LOCATION OF FAULT PROCEDURE — 
1. Commutator unit. la. Lamp LM1 defective, 


b. Measure voltages at terminals E a G of plug PLI on com-. 
mutator unit (—210 and —102 volts, respectively ) . 


c. Replace tubes V1,sand V2 or V3. 


d. Check voltages and resistances by means of the charts (figs. 397 
and 398). 


.2. Commutator circuits in synchronizer de- © 2. Refer to synchronizer trouble-shooting chart (par. 212). 
fective. — | 


Cc. SYMPTOMS: 


1. Brilliant line at edges of EPI scan. 
2. Timebase backed out during normal scart. 





PROBABLE LOCATION OF FAULT - PROCEDURE 
1. Switching Unit SA-8/MPN-1. 1. Check Se as of r-f and blanker switch blades (par. 201). 
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Figure 393. Angle coupling and commutator junction box. 


236. SUPPLEMENTARY DATA. 

a, Alignment of Angle Coupling Units. (1) The 

alignment procedure for the azimuth and elevation angle 
coupling units is given in paragraphs 56 and 57, re- 
spectively, of TM 11-1343. Before proceeding with this 
alignment. however. it will be necessary to measure the 
frequency or wavelength of both channel A and channel B 
magnetrons in order to determine which of the three sets 
of wavezuide widths to use during the alignment pro- 
cedure. Waveguide width dial readings are stamped on 
the AZIMUTH SCANNER and ELEVATION SCANNER 
data plates on the antenna arrays for the following three 
wavelengths \.280, X.300. and X.320. 
(2) For the azimuth angle coupling unit alignment. dial 
readings corresponding to the next /onger wavelength 
should be used. For example. if the channel A magne- 
tron wavelength measures \.295. and the channel B 
magnetron wavelength measures \.285. the angle coupling 
unit should be aligned using the dial readings correspond- 
ing to the X.300 frequency. This will insure that the 
longer wavelength bear will sweep to the 1-degree limit 
(the shorter wavelength beam will sweep to slightly below 
the 1-degree limit!. 


(3) For the elevation angle coupling unit alignment, dial 
readings corresponding to the next shorter wavelength 
should be used. With the magnetron wavelengths the same 
as in the above example, dial readings corresponding to the 
X.280 frequency should be used during the elevation 
alignment. This will insure that the shorter wavelength 
beam will sweep down to the 1-degree line. 


b. Alignment of Servo Cursors. Final alignment 
of the servo cursors is described in paragraph 68 of 
TM 11-1343. In some cases, however, a larger degree of 
adjustment may be required. This larger adjustment can 
he obtained by means of the adjustable turnbuckles in the 
cables to the antennas (fig. 193). By loosening the turn- 
buckle in one side of the cable and tightening the one in 
the opposite cable, the position of the cursors may be al- 
tered with respect to the antenna. After this adjustment 
has been made, the tension in the sérvo cables must be 
adjusted to 150 pounds by means of the adjustment screw 
on the turnbuckle. In the event a cable is replaced. it may 
be necessary to remove a link in the chain connecting the 


cable to the foot pedals in order to obtain the proper 


tension. 
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NOTE: 
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WITH R-F SWITCH ot ELEWSTION 
VOLTAGE READINGS TAKEN TO GROUND witht 
20000 OHm PER VOLT METER. 


Figure 397. Commutator Unit SA-40/MPN-1, voltage chart. 





Figure 398. Commutator Unit SA-40/MPN.-1, 
resistance chart. 
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CHAPTER 9. 


TROUBLE SHOOTING ASSOCIATED EQUIPMENT 


SECTION I 
POWER DISTRIBUTION SYSTEM 


237. REFERENCE DATA. 
a. Cabling Diagram. 
(1) Figure 399. Indicator Rack MT-118/MPN-1, bays 1, 
2. and 3. 


Figure 400. Indicator Rack MT-118/MPN-1, bays 4, 
5, and 6. 


Figure 401. Transmitter Rack MT-119/MPN-1. © 


Figure 402. Communications Rack MT-121/MPN-1, 
(rack A). 


(2) 


(3) 
(4) 


(5) 


(rack B). 
(6) Figure 404. Indicator Rack MT-118/MPN-1, com- 
“munications circuits.. 
(7) Figure 405. Inter-rack cabling diagram. 
(8) Figure 406. Connector adaptation for SCR-274 trans- 
mitter, schematic diagram. 
(9) Figure 228. Cabling block diagram of communica- 


tions system. 


b. General. 
(1) Figure 194. Power Distribution Panel SB-1/MPN-1, 
schematic diagram. 
(2) 
(3) 
(4) 
(5) 


Figure 198. Power distribution control circuit. 
Figure 199. 4-kv relay control circuit. 

Figure 201. High-voltage relay and interlock system. 
Figure 249. Power supplies and associated compon- 
ents, block diagram. 

Figure 407. Contact-making voltmeter. 

Figure 408. Contact-making voltmeter contact as- 
sembly. 


(6) 
(7) 


238. USE OF CABLING DIAGRAMS. 

a. The majority of the faults ogcurring in the power 
‘distribution system can be isolated by means of the start 
procedure trouble-shooting chagt in section III of chapter 
6, and by reference to the power distribution control cir- 


cuit diagram (fig. 198). When the fault has been isolated — 


to the cabling between units or between switches and units, 


360 


Figure 403. Communications Rack MT-120/MPN-1, . 


4 


it will be necessary to check the continuity of the inter- 
cabling between successive connecting points. The path 
of the suspected cable and the location of successive points 
where continuity tests or voltage checks may be made, can 
be obtained by referring to the cabling chart of the par- 
ticular rack involved. 


b. Each connecting wire in the cabling system is num- 
bered on the cabling diagram and its path may be traced 
by following the wire number. At each connector point, 
the terminal and connector designation of the terminating 
end of the inter-connecting wire is also given to aid in 
tracing the circuit. . 


239. VOLTAGE REGULATOR ADJUSTMENTS. 
_a. Contact-making Voltmeter. The contact-making 


‘voltmeter has been adjusted at the factory for a normal 


load-center voltage of 120, with voltage-band limits of 
119 and 121] volts. To check the output of the voltage 
regulator, connect an a-c voltmeter providing the proper 
range between the output voltage testing terminals (fig. 
22, TM 11-1343). With the equipment operating in the 
usual manner, this voltmeter should now show the voltage 
for which the regulator is adjusted. To adjust the regu- 
lator, set the automatic-manual selector switch in the test 
position. By means of the manual RAISE or LOWER 
push-button switches, raise or lower the voltage until the 
voltmeter contact closes. At this point, the regulator will 
operate to return the voltage toward the normal voltage 
position. Next check the operation of the voltmeter con- 
tact by starting in the. opposite direction in a similar 


Manner, again noting the voltage at which contact closes. 


The two voltages thus determined by the making of the 
contact while approaching the normal voltage position 
from above and below, determine the voltage band width 
of the regulator. Ordinarily, the band width should be ad- 
justed to provide limits of plus or minus 1 volt from the 
normal voltage position. The band width may be adjusted 
if necessary, by the stationary contact adjusting knob at 
the top of the stationary contact assembly (fig. 407). 
Turning this krob in a clockwise direction lowers and 
narrows the band width; turning it counterclockwise raises 
the contact and widens the band width. The normal volt- 
age is thé median of the voltages at which the raise and 
lower contacts are closed. At this voltage, the contact beam 
should balance in a horizontal position halfway between 
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(rack A), cabling diagram. 
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schematic diagram. 
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(a) ALIGNMENT OF CONTACT-MAKING-VOLTMETER CONTACTS (b) CONTACT-MAKING-VOLTMETER BEAM ASSEMBLY 


Figure 408. Contact-making voltmeter contact assembly. 
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contact position. This condition may be obtained by ad- 
justing the compensating spring adjusting nut, turning it 
clockwise to decrease the voltage and counterclockwise to 
increase the voltage. The holding coils should next be 
adjusted to give sufhcient holding effect to return the 
regulator to normal voltage position after each operation. 
Holding effect is increased by moving the holding coil 
cores closer to the armature located on the end of moving 
contact beam, and is decreased by moving the cores away 
from the armature. These adjustments are made by the 
knurled nut on each holding coil assembly and are self- 
locking. 
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b. Alignment of Contacts. The spacing of contacts 
is shown in figure 408. The spacing (B) of contacts should 
always be less than (A). The amount of spacing depends 
on the voltage band width and is determined by the re- 
quirement that the contact centers coincide after the con- 
tact has been made and sufficient holding pressure de- 
veloped. Stationary contacts can be adjusted to obtain 
this condition by moving these contacts by means of the 
extensions provided on the contact holder. It should be 
possible to make these adjustments without loosening the 
screws holding the stationary contacts in place. 


SECTION II 


POWER SUPPLIES 


WARNING: Voltages sufficient to cause death on contact are exposed at 
many points in the power supplies used in Radio Set AN/MPN-1. Do not 
place hands or arms in these units with the high voltages on. Do not make 


any connections into these units which bring high voltages out to an exposed 
point. Make all tests with high voltages off. Always ground high-voltage 
capacitors before touching them or their associated circuits. 





240. REFERENCE DATA. 
a. Rectifier Power Unit PP-22/MPN-1. 
(1) Figure 409. Top view. 
(2) Figure 410. Bottom view. 
(3) Figure 204. Schematic diagram. 
(4) Figure 432. Voltage and resistance chart. 


b. Rectifier Power Unit PP-23/MPN-1. 
(1) Figure 418. Top view. 
(2) Figure 419. Bottom view. 
(3) Figure 210. Schematic diagram. 
(4) Figure 433. Voltage and resistance chart. 


c. Rectifier Power, Unit PP-24/MPN-1. 
(1) Figure 411. Top view. 
(2) Figure 412. Bottom view. 
(3) Figure 211. Schematic diagram. 
(4) Figure 434. Voltage and resistance chart. 


d. Rectifier’Power Unit PP-25/MPN-1. 
(1) Figure 413. Top view. 
(2) Figuré 414. Bottom view. 
(3) Figure 415. Resistor mounting board. 
(4) Figure 212. Schematic diagram. 
(5) Figure 435. Voltage and resistance chart. 


e. Rectifier Power Unit PP-26/MPN-1. 
(1) Figure 422. Front view. 
(2) Figure 423. Top view. 
(3) Figure 424. Right rear oblique view. 
(4) Figure 425. Left rear oblique view. 
(5) Figure 217. Schematic diagram. 


f. Rectifier Power Unit PP-27/MPN-1. 
(1) Figure 416. Top View. 
(2) Figure 417. Bottom view. 
(3) Figure 218., Schematic diagram. 
(4) Figure 436. Voltage and resistance chart. 


g- Rectifier Power Unit PP-28/MPN-1. 
(1) Figure 428. Top view. 
(2) Figure 429. Bottom view. 
(3) Figure 220. Schematic diagram. 


h. Rectifier Power Unit PP-100/MPN-1. 
(1) Figure 430. Top view. 
(2) Figure 431. Bottom view. 
(3) Figure 221. Schematic diagram. 
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i. Relay Assembly RE-3/MPN-1. 
(1) Figure 421. Top view, and control panel. 
(2) Figure 207. Schematic diagram. 


j. Control Box C-61/MPN-1. 


(1) Figure 426. Front oblique view. 
(2) Figure 427. ‘Rear oblique view. 
(3) Figure 214. Schematic diagram. 


k. Relays. 

(1) Figure 222. HVPS time delay relay circuit. 

(2) Figure 223. HVPS time delay relay, time setting 
mechanism. 

(3) Figure 224. HVPS time delay relay, brake mechan- 
ism. 

(4) Figure 225. Overcurrent relay, left side. 

(5) Figure 226. Overcurrent relay, right side. 


Il. General. 


(1) Figure 420. X-scanning motors relay assembly. 
(2) Figure 198. Power distribution control circuit. 
(3) Figure 254. Resistor color code. 

(4) Figure 253. Capacitor color code. 


241. PROCEDURE. 


a. Regulated Power Supplies. (1) Most of the 
power supply units used with Radio Set AN/MPN-1 are 
voltage regulated to compensate for the variations in the 
load imposed by the radar circuits. The regulating circuits 
of Rectifier Power Units PP-22, PP-24, PP-25, and PP-27 
are sufficiently alike to permit the use of the same trouble- 
shooting chart with all four units. A control tube whose 
grid, bias is obtained from a tap on the output bleeder 
network provides control voltage to a bank of series'regu- 
lator tubes which acts as a variable resistor. Where vari- 
able output voltages are required, variation is provided by 
means of a potentiometer forming part of the bleeder net- 
work and having its variable contact connected to the grid 
of the control ‘tube. The settings of these controls will 
generally be determihed by the requirements of the cir- 
cuits served by the power units. For example, the control 
on PP-27 will be set to provide an output of approximately 
270 volts; its exact setting will be that which is necessary 
to provide proper operation of the range marker circuit 
in the search centrals. In several cases, a second potentio- 
meter control provides voltage feedback to the anodes of 
the series regulators. This potentiometer should be ad- 
justed for minimum tipple. 


(2) The trouble-shooting chart in paragraph 242 is to be 
used with Rectifier Power Units PP-22, PP-24, PP-25, and 
‘PP-27. Of these units, the first three supply power to the 
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timing circuits of the precision system, and the fourth 
serves similarly in the search system. Trouble in the units 
will generally be indicated by the improper operation of 
one or more of the circuits supplied. Duplication of equip- 
ment, in each case, permits service to be carried out with 
little or no loss of operating efficiency. If the output con- 
trols on the units require adjusting, these may be located 
by referring to the illustrations listed in paragraph 240. 


b. Rectifier Power Unit PP-23/MPN-1. With a 
few variations which are discussed in paragraph 243, the 
procedure giver in the trouble-shooting chart, paragraph 
242, may be aplied to Rectifier Power Unit PP-23. Two 
of these units provide 4 kv to the anodes of the search 
and precision indicator tubes. Under normal conditions, 
one of the 4-kv power units supplies anode high voltage 
to the search indicators while the other serves similarly 
in the precision system. However, since it is possible to 
operate the entire system from one power unit, service may 
be performed without interrupting operation. Some ad- 
justment of the 4-kv output may be required to achieve 
proper expansion of the search indicator traces. The de- 
tails of this adjustment, which is made by means of poten- 
tiometers Pl and P2, are given in paragraph 190 of 
chapter 7. The control circuits for the 4-kv power supplies 
are contained in Relay Assembly RE-3, which switches 
both the line supply and the 4-kv output. 


_c. Rectifier Power Unit PP-26/MPN-1. Rectifier 
Power Unit PP-26 supplies the high voltage for the modu- 
lator; consequently most of the faults appearing in this 
power supply will be indicated by some misbehavior on 
the part of the transmitting system. For purposes of 
trouble shooting, Control Box C-61 will be considered part 
of the high-voltage power supply system. Control Box 
C-61 contains the two variacs which control the line volt- 
age supplied to the primaries of the channel A and channel 
B high-voltage transformers. The transmitting system 
metering circuit; also contained in the control box, is dis- 
cussed with the transmitting system. 


d, Communications Equipment Power. Supplies. 
Besjdes the radar power supplies, discussed above, the set 
includes three Rectifier Power Units PP-28 and one 
Rectifier Power Unit PP-100. Rectifier Power Unit PP-28 
consists of a vacuum tube rectifier circuit which supplies 
590 volts to the HF transmitters, and a selenium rectifier 
circuit which supplies 26 volts to the HF receivers. Recti- 
fier' Power Unit PP-100 is a small selenium rectifier unit 
which supplies 26: volts for the operation of the tower 
receiver, 
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242. TROUBLE-SHOOTING CHART FOR REGULATED POWER SUPPLIES. 


A. SYMPTOM: 


1.. No output. 





PROBABLE LOCATION OF FAULT PROCEDURE: 


1. Line voltage supply and primary circuit. 1. Inspect the fuses in the primary circuit of the high-voltage trans- 
formers. An open fuse is indicated by the glowing of a neon 
lamp on the panel. Remember that PP-22 and PP-24 have a . 
common fuse and a common interlock circuit which are located 


in PP-24. . 
2. Rectifier filament. 2. Inspect rectifier tubes for burned-out filaments. 
3. Open circuits in components or wiring. 3. Remove the power unit from the rack and check transformer 


secondaries and filter chokes for continuity. Continue checking 
the continuity of all wiring as far as the. output terminals. 


B. SYMPTOMS: 


1. Smoke. 
2. Overheating. 
3. Erratic output.. 





PROBABLE LOCATION OF FAULT PROCEDURE | 
1. Excessive load caused by shorted external la. Remove line voltage. 
circuit. | b. Measure the resistance from one output terminal to the other. 


If this measurement shows low or zero resistance, disconnect — 
the output terminal board, and chéck the resistance both at fixed 
and movable terminals to determine whether the short is in the 
power supply or in the external circuit. 
c. If the test made above indicates that the short is in the power 
_ unit, remove the unit and check for shorts in the bleeder network, 
filter capacitors, and wiring. 


1. Low output. | 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. One rectifier of bridge circuit, burned out. 1. If the power supply uses a bridge circuit as in the case of PP-22 
| and PP-.24, inspect the rectifier tubes to determine if one or more 
: rectifiers have open filaments. 

2. Regulator circuit improperly adjusted. 2. Check the adjustment of the voltage control potentiometer in the 
grid circuit of the control tube to make sure that it has not been 
improperly set. 

3. Low resistance in bleeder network. 3. Remove the terminal strip and check the values of resistance 
between the output terminals. Compare these values with those 
shown on the circuit diagram to determine if reduced output is 
due to a shorted or low resistance bleeder network. 
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Figure 409. Rectifier Power Unit PP-22/MPN-1, top view. 


4. Leaky filter capacitors. 4. Remove the power unit, disconnect the filter capacitors, and 
determine their resistance, bearing in mind that while the re- 
sistance of a filter capacitor may be high enough at the low 
voltage supplied by the ohmmeter it may not be high enough at 
the voltages encountered in the power unit. If any doubt exists, 
replace the filter capacitors. 
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Rectifier Power Unit PP-24/MPN.-1, top view. 
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Figure 411. 
SYMPTOMS: 
1. Poor regulation. 


2. Jitter or excessive ripple. 
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Figure 412. Rectifier Power Unit PP-24/MPN-1, 
bottom view. 


PROBABLE LOCATION OF FAULT PROCEDURE 

I. Defective VR150 regulator tube. ‘1. Replace the VR150 tubes in the circuit one at a time, observing 
after each replacement if any improvement has been effected. 

2. Poor adjustment of regulator circuit. 2. Check the settings of voltage controls to ascertain if any im- 


provement can be effected by readjustment. 
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Figure 413. Rectifier Power Unit PP-25/MPN-1, top view. 
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Figure 415. Reetifier Power Unit PP-25/MPN-1, 
mounting board. 
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Figure 417. Rectifier Power Unit PP-27/MPN-.-1 
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3. Faulty voltage control tubes. Replace the control tubes. 
4. Faulty series regulator. 4, Test the series regulator tubes and replace any that appear 


doubtful. 


5. Defective circuit components. 56. 


Remove power supply unit from the rack. 


b. Check all wiring for possible bad connections. 


c. Replace the filter capacitor. 





243. TROUBLE SHOOTING IN 4KV POWER 
SUPPLIES. | 


WARNING: Voltages encountered in this unit 
are high enough to cause death on contact. Do 
not attempt to work on the interior of the unit 
without first turning off the line voltage. Dis- 
charge all high-voltage capacitors before touch- 
ing the terminals. Do not attempt to check the 
high voltage with a voltmeter. 


a. Rectifier Power Unit PP-23/MPN-1. Trouble 
shooting in Rectifier Power Unit PP-23 may be performed 
according to the procedure given in the trouble-shooting 
chart for regulated power supplies, paragraph 242. How- 
ever, the high voltages encountered in this unit make it 
impossible to perform service checks with the power or. 
A large proportion of the troubles experienced with the 
4-kv power units will probably occur in the primary cir- 
cuits. Should either unit fail to operate, it will be well 
to begin by checking terminals 1 and 2 of the terminal 
strip to make sure that the line voltage is present. Ab- 
sence of the line voltage at these terminals indicates 
trouble in Relay Assembly RE-3, which contains the .con- 
trol circuits of the 4-kv power supplies. The primary 
circuits of the power units are protected by fuses, shunted 
by neon bulbs which glow when the fuse is open. Re- 
peated blowing of fuses indicates serious trouble either 
in the primaries of the transformers or in the rectifier 
circuits themselves. The lighting of all filaments, except 
that. of the high-voltage rectifier, indicates either that 
the time delay relay has failed to operate or that an inter- 
lock is open. When it is necessary to remove one of the 
4-kv power supplies for service, operation may be con- 
tinued by switching both search and precision systems to 
the other. 4-ky. power supply. Thus, trouble shooting in 
these units need not interrupt operation. The voltage 
output of the 4kv power supplies is adjusted by means 


- of potentiometers Pl and P2. 


b. Relay Assembly RE-3/MPN-1. Relay Assembly 
RE-3 contains the control circuit for the 4-kv power sup- 
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plies. A multiple-pole toggle switch on the panel of the 
unit controls the application of line power to the 4-kv 
power supplies, and actuates the relays which switch the 
high-voltage circuits. The high-voltage relays are of the 
permanently sealed vacuum type. Trouble in these relays 
will generally necessitate replacement. The only other 
source of trouble in the relay unit is the-multiple-pole 
switch. 


WARNING: Avoid contact with the six high- 
voltage terminals on the front of the relay unit. 
Do not attempt to measure voltages at any of 
these terminals. 


244. TROUBLE SHOOTING IN HIGH-VOLTAGE 
POWER SUPPLIES. 


WARNING: Voltages sufficient to cause death 
on contact are exposed at many points in Recti- 
fier Power Unit PP-26. Do not attempt to work 
on these units with the line voltage on. Do not 
make any connections which bring high voltages 
out to an exposed point. Always ground high- 
voltage capacitors before touching them or the 
associated parts. 


a. Rectifier Power Unit PP-26/MPN-1. Faults 
arising in the high-voltage pewer supplies will generally 
give some indication in the transmitting system. Low or 
unsteady output from the power units will probably be 
traceable to arcing within the unit, a defective filter 
capacitor, or a defective rectifier. Low or unsteady 
X-band modulator voltage might result from a poor con- 
nection of the variable tap switch SW3 to the bleeder 
network. A complete disappearance of output will usually 
indicate some trouble in the line supply circuits, defec- 
tive rectifiers, or burned-out transformer windings. In 
the event that the line voltage fails, interlocks, overload 
relays, and the variacs in the control box should be 
checked. Arcing taking place at the porcelain stand-off 
insulators is usually caused by moisture or dirt and will 
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Figure 418. Rectifier Power Unit PP-23/MPN-1, top view. 
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Figure 419. Rectifier Power Unit PP-23/MPN-1, 


bottom view. 
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Figure 420. X-scanning motors relay assembly. 


generally disappear when the insulators are given a thor- 
ough cleaning. If the arcing takes place between leads 
within the unit, it may be due either to poor insulation 
or to too little spacing between wires. Repeated opening 
of overload relays may indicate trouble in the power 
supply itself, but is more likely to be traceable to a defec- 
tive external circuit which applies an excessive load. 


b. Control Box C-61/MPN-1. The control circuit 
for the high-voltage power supplies which includes the 
‘A and B channel variacs, time delay relays, and over- 
current relays is contained in Control Box C-61. In addi- 
tion, the control box contains the transmitter and mixer 
metering circuits for both the S and the X systems. Faults 
arising in the control circuit of the high-voltage power 
supplies will be of the type resulting from burned-out or 
defective variacs, and defective or poorly adjusted relays. 
Instructions for adjusting relays are given in paragraph 


246. 


245. TROUBLE SHOOTING IN COMMUNICA. 
TIONS SYSTEM POWER SUPPLIES. 

a. Rectifier Power Unit PP-28/MPN-1. Three 
Rectifier Power Units PP-28 mounted in bay 15 of the 
communications rack. supply operating voltages to the 
HF communications equipment. Each of these units con- 
tains a full-wave vacuum tube rectifier circuit which 
supplies 550 volts dc to one of the HF transmitters, and a 
selenium bridge rectifier which supplies 26 volts to the 
associated receiver. The 550-volt circuit is of conven- 
tional design and is very similar to the power supply 
circuit of a broadcast receiver. The disappearance of 
the 550-volt output can usually be traced to a defective 
rectifier, open transformer secondary, or open filter choke 
in this circuit. Reduced output, accompanied by over- 


heating of transformers and chokes. indicates the possi- 
bility of defective filter capacitors. shorted or gassy 
rectifiers. or short circuits in the wiring of the circuit. 
Normally the 26-volt circuit should give little trouble. 
However. there are likely to be occasional transformer 
or rectifier burn-outs caused by excessive external loads. 
Service in these cases will consist principally in the re- 
placement of the damaged part. 


b. Rectifier Power Unit PP-100/MPN-1. Rectifier 
Power Unit PP-100 is a selenium rectifier circuit similar 
to the 26-volt circuit of Rectifier Power Unit PP-28, 
which supplies power for the tower receiver. Provided 
it is not damaged by external overloads. it should operate 
indefinitely. 


246. ADJUSTMENT OF RELAYS. 
a. HVPS Time Delay Relay. When it is necessary 


to readjust the time delay relays on the high-voltage power 
supplies. the following procedure should be used: 


(1) ADJUSTMENT OF TIME SETTING MECHANISM 
(fig. 223). ; 

(a) Loosen the timing disk locking screw (1). 

(b) Rotate the time indicator friction nut (2) clock- 
wise until the timing disk stop (1) rests against the timing 
disk clamp (5). At this point. the motor switch lever (3) 
should be resting on the motor switch (6). 

(c) Tighten the timing disk locking screw. 

(d) With a wrench, rotate the time indicator friction 
nut until it registers zero. 

(e) Loosen the timing disk locking screw and rotate 
the time indicator friction nut in a counterclockwise direc- 
tion until the indicator registers 60. 

(f) Tighten the timing disk locking screw. 
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Figure 422. Rectifier Power Unit PP-26/MPN-1, front view. 
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Figure 424. Rectifier Power Unit PP-26/MIN-1, right rear 


oblique view. 
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Figure 425. Rectifier Power Unit PP-26/MPN-1, left rear 
oblique view. 


596 





Trouble Shooting Associated Equipment 


TM 11-1543 


oD AYN SAY 


Vessse ll 


*MOJA ONnbI[goO jUOI 


DAY FAY JAY 


6 


I-NdW/19D Og [OnUC) “OZP 24nFt 4 


cl Il SIG 918 £28 





397 


TM 11-1543 


Service Manual 


VSI 
Val 


VES 


g9sse il 


*MOIA 


onbyqo 4894 *[-NdW/19-) XO [ouoD “zZp 2andy 


g9l 


gSI 


the 


, 
es ed ee 


a 


+ fe 





598 


gl 


O 


Digitized by Go 


-TM 11-1543 





Trouble Shooting Associated Equipment 


SWI AB37 FD C2 Vi SWe Cl 


Figure 428. Rectifier Power Unit PP-28/MPN-1, top view. 
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Figure 429. Rectifier Power Unit PP-28/MPN-1, 
bottom - view. 
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Figure 430. Rectifier Power Unit PP-100/MPN-1, top view. 


(2) BRAKE MECHANISM (fig. 224). 


(a) Press the armature (11) down until it rests on the 
core pin (10). 


(b) Turn the adjustment nuts (12) until there is ap- 
proximately !..-inch clearance between the cotter pin 
(13) and the armature. 


b. 4-kv Time Delay Relays. The procedure used 
in adjusting the time delay relays in the 4-kv power sup- 
plies is similar to the one described above. The timing 
indicator however is not marked and the correct adjust- 
ment has to be estimated. There is no brake mechanism. 


c. Overcurrent Relays. The two Westinghouse type 

MN overcurrent relays in Control Box C-61 have been 
properly adjusted at the factory and should not be dis- 
turbed unless absolutely necessary. These relays should 
operate at from .06 to .07 amperes. If a new adjustment 
is necessary it should be made as follows: 
(1) Adjust the bearing screws (1) so that the overcur- 
rent armature (2) is approximately centered on the 
frame, and the latch arm (3) has sufficient clearance on 
both sides of the notch through which it passes. End play 
in the bearings should be perceptible, but should not be 
more than a few thousandths of an inch. 
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(2) With the overcurrent armature closed, make sure 
that the L-shaped bracket (4) supporting the latch arm 
is so located that there is a gap of approximately 144 inch 
between the ends of the reset armature (5) and the frame 


casting. 


(3) Check the adjustment of the bushing which passes 
through the top of the glass cover. With the push rod (6) 
held in and the overcurrent armature closed, there should 
be a gap of about 0.005 inch between the reset armature 
and the reset coil core. The armature stop screw (7) is 
adjusted by first turning it in until the armature just 
touches the bronze pin in the center of the core and then 
backing it out exactly three turns. Tighten the locknut 
(8) securely. 


(4) Check the adjustment of latch plate (9). With the 
armature held closed, there should be a gap of 0.005 
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to 0.010 inch between the overcurrent armature and the 


core pin. 


(5) With the overcurrent armature horizontal and by 
applying slight tension to spring (10), further extend 
the spring by one or two turns of the screw (11) into 


which the spring is hooked. 


(6) Adjust the stationary contact stud (12) to obtain a 
contact gap of °¢4 to 345 inch when the overcurrent arma- 
ture is closed. With the contacts closed, turn screw (13) 
in until the bracket spring (14) just touches the back of 


_the contact, then turn it one-half turn further. 


(7) If discrepancies are found to exist between the scale 
markings and the actual operating values, these may be 
corrected by further variation of the tension applied to 


the armature restraining spring. 


PLI 
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Figure 431. Rectifier Power Uni. PP-100/MPN-1, 
bottom view. 
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Figure 432. Rectifier Power Unit PP-22/MPN-1, voltage 


and resistance chart. 
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NOTE: 
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Figure 433. Rectifier Power Unit PP-23/MPN-1, voltage 
and resistance chart. 
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Figure 43-4. Rectifier Power Unit PP-2t)MPN-1, voltage 
and resistance chart. 
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Figure 435. Rectifier Power Unit PP-25/MPN-1, voltage 


and resistance chart. 
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Figure 436. Rectifier Power Unit PP-27/MPN-1, voltage 
and resistance chart. 
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SECTION III 


COMMUNICATIONS SYSTEM 


WARNING: Voltages sufficient to cause death on contact are exposed at 
‘many points in the communication racks. Do not place hands or arms 


within these units with the high voltage on. Do not make any connection 


into this equipment which brings high voltage out to an exposed point. 


Always ground high-voltage capacitors before touching them or their associ- 


ated parts. 


247. REFERENCE DATA. 


a. Communications System. 


(1) Figure 402. Communications Rack MT-121/MPN-1, 
(rack A), cabling diagram. 


(2) Figure 403. Communications Rack MT-120/MPN-1, 
(rack B), cabling diagram. 
(3) Figure 404. Indicator Rack MT-118/MPN.-1, cabling 
diagram. 
b. Approach. Indicator ID-38/MPN-1. 
(1) Figure 172. 
(2) Figure 437. 
(3) Figure 438. 
(4) Figure 439. 
(5) Figure 174. 
(6) Figure 440. Voltage and resistance chart. 
c. Search Central SN-6/MPN.1. 
(1) Figure 68. Front view. 
(2) Figure 86. Schematic diagram. 
d. Observer’s Control Box C-139/MPN-1. 
(1) Figure 441. Front view. 
(2) Figure 442. Rear view. 
(4) Figure 246. Schematic diagram. 


Front view. 
Interior view. 
Top view. 
Bottom view. 


Schematic diagram. 


e. Intercommunication Panel SB-2/MPN-1. 
(1) Figure 70. Front view. 
(2) Figure 443. Top view. 
(3) Figure 444. Bottom view. 
(4) Figure 238. Schematic diagram. 


f. Telephone Box TA-6/MPN-1. 
(1) Figure 445. Interior view. 
(2) Figure 232. Schematic diagram. 


g. Headphone Matching Assembly CU-46/MPN-I. 
(1) Figure 446. Top view. 
(2) Figure 447. Bottom view. 
(3) Figure 239. Schematic diagram. 


h. Tower Receiver Control Box C-140/MPN-1. 


(1) Figure 242. Front view. 
(2) Figure 448. Rear view. 
(3) Figure 245. Schematic diagram. 


i. Tower Receiver BC-1206-C. 
(1) Figure 449. Top view. 
(2) Figure 450. Bottom view. 
(3) Figure 244. Schematic diagram. 
(4) Figure 451. Resistance chart. 


j. General. 
(1) Figure 406. Connector adaptation for SCR-274 trans- 
mitter, schematic diagram. 
(2) Figure 198. Power distribution control circuit. 
(3) Figure 253. Capacitor color code. 
(4) Figure 254. Resistor color code. 
(5S) Figure 255. Tube base chart. 


248. PROCEDURE. 


a. Trouble-shooting Charts. There are eight 
trouble-shooting charts for use in. the communications 
system as follows: 


(1) Paragraph 249 is a general trouble-shooting chart | 


for the complete communications and intercommunica- 
tions systems. 

(2) Paragraph 250 is a detailed trouble-shooting chart 
for the communications circuits located in the approach 
indicator. 

(3) Paragraph 251 deals with trouble shooting the com- 
munications circuits located in the two search centrals. 
(4) Paragraph 252 is a trouble-shooting chart for the 
observer’s control box. 
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(5S) Paragraph 253 covers the trouble shooting for the 
communications circuits in the intercommunications panel. 


(6) Paragraph 254 covers those faults likely to occur in 
telephone matching unit. 


(7) Paragraph 255 is a trouble- shooting chart for the 
headphone matching unit. 

(8) Paragraph 256 is a detailed trouble-shooting chart 
on Tower Receiver BC-1206-C. 


b. Use of Charts. The first chart (par. 249), covers 
faults that are likely to occur in the communications 
system as a whole. However, it does not, in every case, 
completely isolate the trouble to a particular circuit ele- 
ment. For example, if the procedure given in the first 
trouble-shooting chart definitely isolates the fault to the 
approach indicator, a reference will be made to the 
detailed chart on the approach indicator (par. 250). The 
latter chart will isolate the fault to a defective circuit 
element. The other charts included are used in exactly 
the same manner; starting first with the general chart. 
It is not always necessary to refer to a second chart before 
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finding the trouble. The cross-chart reference is used 
only when a complete procedure in the general trouble- 
shooting chart for the system, would become unnecessarily 
involved if all the details were included. In cases where 
there is no doubt as to which component is faulty, refer 
directly to the chart covering the component involved. 


c. Alignment Instructions. Alignment procedures 
and methods of checking and adjusting the communica- 
tions equipment are given in paragraph 257. Informa- 
tion peculiar to the use of the standard Signal Corps com- 
munications equipment in Radio Set AN/MPN-1 will be 
found in this paragraph. 


d. Use of a Test Receiver or Transmitter. Be- 
cause Radio Set AN/MPN-1 will be used at airfields, it 
is very likely that there will be radio equipment available 
at the field of the same type as used in Radio Set 
AN/MPN-1. Some of this equipment can be used to good 
advantage as a “test radio set” for monitoring and trans- 
mitting to the radio communications equipment within 
the trailer. 


249. TROUBLE-SHOOTING CHART FOR COMMUNICATIONS SYSTEM. 


A. SYMPTOM: 


1. No radio reception by pilot from any of the three operators’ positions. 





PROBABLE LOCATION OF FAULT 
1. Switch in wrong position. 1. 


PROCEDURE 
Check that circuit breaker SW13 on power distribution panel is 


in correct operating position. 


2. Line voltage supply. 2. 


Check to see if rectifier filaments in power units are lighted. If 


not lighted, check power input circuit (fig. 198). 


1. No radio reception by the pilot from one of the three operating positions only. 





PROBABLE LOCATION OF FAULT 
1. Switches in wrong position. l. 


PROCEDURE 
Check that the following switches. are in correct operating 


position: 

a. ON-OFF switches on power supplies Rectifier Unit RA-62 or 
Rectifier Power Supply PP-28, and on the microphone in use. 

b. Correct channel selected on transmitter control box for SCR- 

' 274-N or SCR-522-A 

c. Switch in REM position on Radio Control Box BC-602-A. 

d. Radio Control Box BC-451-A in VOICE position. | | 

e. Key knob on top of Radio Control Box BC-451-A turned fully 
counterclockwise. 


f. The TRANS-REC-INTERCOM key in TRANS seattle: 
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2. Transmitter output. 


3. Microphone supply. 


4. Low microphone supply. 


9. Approach indicator or search central com- 
munications circuit. 


2a. 


oa. 


Check for unmodulated signal with a test receiver or test equip- 
ment supplied. If signal is received, the transmitter, power supply, 
and antenna system are OK and pilot’s receiver system is at fault. 


. If no signal is received, check the antennas, SCR-274-N antenna 


relay, and antenna current meter. 


. If still no signal is received, check the power supply for the trans- 


mitter in use (Rectifier Unit RA-62 or Rectifier Power Supply 
PP-28) . 


. Replace the transmitter. 


Check the microphone, microphone switch, and microphone cur- 
rent. To check the microphone current, switch MIC. SUPPLY 
switch from A to B position on the approach indicator panel. 
If no microphone current in the A or B position, see paragraph 


250. 


Check microphone supply output, measuring microphone voltage 
from ground to ring of microphone plug. To measure the micro- 
phone voltage, take off mica insulator cover of jack plug and mea- 
sure between the first lead and ground. With microphone in cir- 
cuit, the reading should be between 4 and 10 volts. If low, refer 
to paragraph 250. 


Refer to paragraph 250 is there is no reception from the approach 
indicator position. 


. Refer to paragraph 25] if there is no reception at one of the two 
search centrals positions. 


1. Operators cannot receive the airplane. 





PROBABLE LOCATION OF FAULT 


1. Switch in wrong position. 


2. Line voltage supply. 


D. SYMPTOM: 


PROCEDURE 


1. 


Check that circuit breaker SW13 on power distribution panel is 
in correct operating position. | 

Check to see if rectifier filaments in power units are lighted. If 
not lighted, check power input circuit (fig. 198). 


1. One operator cannot receive the airplane. 





PROBABLE LOCATION OF FAULT 


1. Switches in wrong position. 


PROCEDURE 


a 


Check that the following switches are in correct operating 
position: 


. ON-OFF switches of power supplies. 
. Control switches of receiver. 


. TRANS-REC-INTERCOM key on observer’s control box. If key 


is in transmit position, the controller and tracker positions are 
cut off. 


. TRANS-REC-INTERCOM key of position used in REC position. 


. Channel selector switch in correct position. 
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2. Communications circuit defective in one of 2a. Refer to paragraph 250 for defects in approach indicator position. 
three positions. b. Refer to paragraph 251 for defects in search central positions. 
3.. Antenna system. 3a. Check the antenna system thoroughly. 


b. Check the SCR-274-N antenna relay. It may be stuck. 
4. Headphones and headphone matching unit. 4a. Check the operation of the headphones by exchanging with 
another position. 
b. Check the headphone matching unit for Radio Receiver BC-342-N 
for mismatch due to open transformer or connection. 
5. Defective receiver. 5. Replace defective receiver. 


6. Defective radio equipment in airplane. 6. If no signal is received with the receiver tuned to the channel on 
which reception is desired, try reception on another channel. 


j 


E. SYMPTOM: 


1. No sidetone on HF or VHF channel (operator cannot hear his voice in headphones) . 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Microphone headset. la. Check to see if microphone ON-OFF switch is in ON position or 
held in unlock position. 
:. Exchange with another microphone headset. 


2. Channel selector switch. 2. Check operation of channel selector switch at location used. 
3. TRANS-REC-INTERCOM switch. 3. Check operation on the TRANS-REC-INTERCOM switch for 
position used. 

4. Approach indicator. 4. Check the three potentiometers in the approach indicator for 

| controlling the SCR-274-N sidetone feedback circuits in the three 
positions. 
3. Power supply. 5. Check power supply switches as for symptom D. 
6. Transmitter. 6. If the fault is ‘not cleared after the above, replace the SCR-522 


or SCR-274-N transmitter being used. 


1. Pilot or operator hears tone or CW instead of VOICE. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Radio Control Box BC-451-A. 1. Check control box. Control may be set on TONE or CW. Set on 
VOICE. 


1. Intermittent or faulty transmission. 


2. Poor modulation. 
3. Pilot reports poor reception. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. Observer’s control box. la. Check position of tower receiver switch on observer’s control box. 
Intermittent operation may be caused by switch being in transmit 
position. 
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b. If tower receiver switch is in correct receive position and fault 
remains, remove receptacle #5 from the approach indicator. If 
this clears the trouble, look for a defective switch in the observer’s 
control box (par. 252). 


2. TRANS-REC-INTERCOM key. 2. Check the TRANS-REC-INTERCOM key being used. If it does 
not stay in position, take the switch out of case and adjust the 
contacts. 

3. SCR-522-A (if trouble in VHF system). 3a. If audio modulation on the SCR-522-A is not loud enough, turn 


up modulation gain on the SCR-522-A transmitter. 
b. See alignment procedure for SCR-522-A. 


4. SCR-274-N (if trouble in HF system). 4a. Faulty modulation on SCR-274-N. See instruction manual on 
Radio Set SCR-274-N. 
b. Check alignment of SCR-274-N. 
5. Antennas. 5. Check antennas for high resistance joints or loose connections. 
Be sure joints are tight. 
6. Search centrals. 6. Check setting of P11 gain control in the search central. Reset for 


proper gain. See trouble shooting of search centrals (par. 251) 
if fault is not cleared. 


7. Primary power supply. 7. Check for low or unregulated voltage. 


H. SYMPTOM: 


1. Receiving station reports a heterodyne whistle on carrier. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Two channels on same frequency. 1. If a test station reports your signal has a heterodyne whistle on 
the carrier, look for two transmitters at the same frequency on 
the air at the same time. 


I. SYMPTOMS: 


1. Intermittent or faulty reception. 


2. Distorted or weak signals in headphones. 
3. Interference or excessive noise level. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. Operators’ jacks and plugs. . 1. Check the jacks or plugs for signs of high resistance grounds. 

2. Headphones. 2. Try another set of headphones. 

3. Headphone matching assembly. 3. Check for defective transformer or loose connection which may 
result in distorted or weak signals due to mismatching. 

4. Interference. 4. If interference is excessive on the SCR-274-N HF channels, con- 


nect up the remote antenna box, first disconnecting the antenna 
connections to Radio Receiver BC-342-N. | 
5. Radio Receiver BC-342-N or SCR-522 re- 5. Check for alignment of receiver in use. See instruction books on 
ceiver. the receiver for details. — 


J. SYMPTOM: 


1. Faulty intercommunications system in all operators’ position. 
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PROBABLE LOCATION OF FAULT PROCEDURE , 


1. Switch in wrong position. 1. Check position MIC SUPPLY switch on the approach indicator. 
No intercom is possible in the B position. 
2. Approach indicator. 2. Refer to paragraph 250. 


K. SYMPTOM: 


1. Faulty intercommunications in one or more operators’ position. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Switch in wrong position. la. Check ON-OFF switch on microphone. 
: b. Check position of TRANS-REC-INTERCOM switch in operating 
| positione Should be in INTERCOM position. 
2. Observer’s control box. 2. Check position of TRANS-REC-INTERCOM key in the observer's 
“control box. If in the TRANS position, the controller and tracker 
positions will have no intercommunications. 


3. Microphone power supply. 3. Refer to paragraph 250. 

4. Capacitor input of approach indicator. 4. Defective input capacitor in the approach indicator intercom- 
munications circuit. 

9. Selector switch on intercommunication 5. Check the position of the selector switch on the intercommunica- 

panel. tion panel. Only one of the search operators may be in com- 

munication at a time with IFF or cable position. 

6. Intercommunications switch. 6. Check INTERCOM at faulty position. 

7. Microphone transformer. 7. Check microphone transformer at faulty position. 

8. Junction Box J-29. 8. Check the connection of the cable to the cab telephone set (Tele- 
phone Box TA-6/MPN-1). 

9. Microphone or headsets. 9. Check the operation of the microphones, or headsets, exchanging 


with another set. See addendum IV. 


1. No aural signal (pilot receives no aural signal. No sidetone in headphones) . 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Approach indicator. la. Check operation of aural signal switch on panel. 
b. Check cable connections. 
c. Check setting of aural signal potentiometer. 
d. Check tone transformer inside approach indicator. 
é. 


Refer to paragraph 250. | 

2. Observer’s control box. 2. Check position of TRANS-REC-INTERCOM switch. If this 
switch is in the TRANS position the controller is cut off, includ- 
ing the aural signal. 

3. Aural signal unit. 3. Check the aural signal unit. See trouble shooting on aural signal 

| unit (par. 226). 
4. Microphones and headphones. 4. Check microphones and headphone sets operation. See adden- 
| dum IV. . 
5. Transmitter or associated circuits. 5. If aural signal is absent on only one channel, the transmitter or 


modulator is defective in that channel. 
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M. SYMPTOM: 


1. No reception or faulty reception on tower receiver. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. No input. ]. Make checks to be sure that tower is broadcasting on the fre- 
quency of the tower receiver. 
2. Tower receiver. 2a. Plug phones into jack in front of tower receiver. 
b. With power supply turned on, tune in station. 
c. If tower receiver is inoperative. cause of trouble may be found 
in tower receiver antenna or Rectifier Power Unit PPp-100. 
d. If fault is in tower receiver see paragraph 256. 
3. Tower receiver control box and observer's 3. If tower receiver operates satisfactorily, but reception is poor 
control box. in remote positions. check switches and potentiometers on the 
tower receiver control box and the tower receiver switch on the 


observer's control box: 


N. SYMPTOM: : 


1. Faulty or no operation at observer's control box. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Approach indicator. 1. Check for proper operation at the approach indicator. See trouble 
shooting on approach indicator (par. 250). 


2. Observer's control box. : 2. If the TRANS-REC-INTERCOM positions are satisfactory in the 
approach indicator but faulty at the observer's control box, cause 
of trouble lies in the switches. potentiometer. or microphone 
transformer in the observer's control box (par. 252). 


3. Microphone power supply. 3. Check for microphone supply (par. 250). 


250. TROUBLE-SHOOTING CHART FOR APPROACH INDICATOR. 


A. SYMPTOM: 


1. Transmitter does not go on. 





PROBABLE LOCATION OF FAULT “PROCEDURE 
1. TRANS-REC-INT COM switch. 1. Check switch SW2 for dirty or misaligned contacts. 
2. Channel selector switch. 2a. Check switch SW1 for dirty or misaligned contacts. 


b. Check wiring to receptacle No. 2. 


B. SYMPTOM: 


1. No microphone supply. 
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PROBABLE .LOCATION OF FAULT PROCEDURE , 
1. Fuse. 1. Check fuse Fl and F2. A blown fuse is indicated by neon lights 
NE] and NE2 being lit. 
2. Rectifier. 2a. Transformer T9 or T10 defective. 
b. Defective rectifier, RECT 1 or RECT 2. The normal output is 


approximately 15 volts. 
. Open chokes L1 or L2. 
. Check capacitors C6, C8, or C9 for short. 
. Defective switch SW4. 
. Open resistor R2. 
. Primary of transformer T1 open. 


RnR ~~ ® QA, 


C. SYMPTOM: 


1. No intercommunication. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. MIC SUPPLY switch. la. Defective switch SW4. 
b. MIC SUPPLY switch must be in position A. 
2. Rectifier. 2a. Test tube V1. 
. Check microphone supply rectifier as in Symptom B above. 
. Shorted C10 or C11. 
. Inductance L3 open. 
. Check tubes V2 and V3. 
. Test transformers T3 and T5 for open circuits. 
Check potentiometers P6 and P8. 
. Check for correct resistance value of resistors R8 and R10. 
Check capacitors C2 and C4 for a shorted condition. 
. Test secondary of transformer Tl for open circuit. 
. Check potentiometer P1 for open circuit. 
. Check tube socket resistance and voltage readings (fig. 440). 


o 


3. Amplifier. 


Go 


TRO TAA SA AD 


D. SYMPTOM: 


1. Crosstalk interference. 





PROBABLE LOCATION OF FAULT PROCEDURE 


‘1. P1 in approach: indicator. la. Turn fully clockwise. 
b. If not corrected, refer to figure 174 and check value of input 
voltage and resistance of P1. 


E. SYMPTOM: 


1; No modulation signal to transmitters. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Microphone circuit. la. Check spring tension of microphone jacks. 
b. Check microphone supply as in symptom B above. 
c. Check resistors R3, R4, R5, R6, and R7 for open circuit. 


620 





TM 11-1543 Trouble Shooting Associated Equipment Par. 250 


F. SYMPTOMS: 
1. No signal received from pilot. 
2. Normal output at receivers. 


PROBABLE LOCATION OF FAULT PROCEDURE 
1. Relay RY1 circuit. la. Check contacts of relay RY1 for dirt or misalignment. 
b. Potentiometer P2 defective or turned off. 
c. Loose terminal strip AB11. 
d. Receptacle 3 not screwed on tight. 
e. Defective aural signal switch. 











mS P7 
Ps PI 
P6 P2 
RECEP 6 ever | 
PL2 PLI 
Sw4 
Pi4 
PI3 
Pi2 
NEI 
Sw4 
NE2 


JACK— o 
ELEVATION METER SENSITIVITY CONT 
AZIMUTH METER SENSITIVITY CONTROL Ce 





TL36250 


Figure 437. Approach Indicator ID-38/MPN-1, 


interior view. 
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Figure 438. Approach Indicator 1D-38/MPN-1, top view. 
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Figure 439. Approach Indicator ID-38/MPN-1, bottom view. 
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G. SYMPTOM: 


1. No aural signal heard in headphones. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Switches SW1 and SW2. 1. Check contacts and spring tension on switches SW1 and SW2. 


251. TROUBLE-SHOOTING CHART FOR SEARCH CENTRAL. 


A. SYMPTOM: 


1. Transmitter cannot be modulated from search central position. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Microphone circuit. la. Check microphone jack for dirty or misaligned contacts. 

b, Check microphone voltage. Voltage between chassis and top leaf 
of microphone jack should be 4 to 10 volts with the microphone 
plug inserted in the jack. See addendum IV. 

. Check capacitor C54 for shorted condition. 
. Check resistor R81] for correct value. 
e. Check transformer T5 for open primary winding. 


2. Switch SW3. 2a. Check TRANS-REC-INT COM switch for dirty or misaligned 
contacts. 
b. Check receptacle PLI to see that it is screwed on tight and has 
no broken or shorted wiring. 
c. Check resistors R82, R83, R84, R85, R86, and P11 for correct 


resistance value. 


ty 


Qa, 4 


B. SYMPTOM: 


1. Output of receivers not heard in headphones. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Headphone circuit. la. Check jack for proper spring tension and for dirty or misaligned 
contacts. 


b. Check receptacle PL1 for loose connections, especially the wiring 
from contact M. 

c. Check contacts of switch SW3 when switch is in the receive 
position. 


d. See addendum IV. 


C. SYMPTOM: 
1. Crosstalk interference. 
PROBABLE LOCATION OF FAULT PROCEDURE 
1. P11 in search central. la. Turn fully clockwise. 


b. If not corrected, refer to figure 86 aa check value of input 
voltage and resistance of P11. 
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252. 'TTROUBLE-SHOOTING CHART FOR OBSERVER’S CONTROL BOX. 


1. No reception from tower receiver. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Tower receiver gain control. 1. Check resistors R3 and P2 for proper resistance value. 
2. TOWER REC. switch. 2a. Check switch SW2 for dirty or misaligned contacts. 


b. Check for loose or broken connections to switch SW3 and to 
receptacle 1. 


B. SYMPTOMS: 


1. No modulation to transmitter. 


2. No intercommunication. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. Microphone voltage. la. Test for microphone voltage at contact M of receptacle 1. If 
between 6 and 10 volts are obtained, check item below. 

. Check jack JK1 for dirty or misaligned contacts. 

. Test capacitor for a shorted condition. 


. Test resistors Rl and P1 for correct resistance values. 


ro A a & 


. Test windings of transformer T1. 


2. Switches. 2a. Check back contact of switch SW1 for dirty contacts. This con- 
tact must be closed when switch is in center position. 


b. Check contacts of switch SW2 for dirt or misalignment. 


c. Check all wiring for loose or broken connections. 


he Te 
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Figure 441. Observer’s Control Box C-1 39/ MPN-1, 


front view. 
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Figure 442. Observer’s Control Box C-139/MPN-1, 


rear view. 


253. TROUBLE-SHOOTING CHART FOR INTERCOMMUNICATION PANEL. 


A. SYMPTOM: 


1. Transmitter does not start when channel selector switch is pressed. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Channel control switch. la. Inspect channel control switch for dirty or misaligned contacts. 
b. Check all plugs and terminal strips for tightness. 


B. SYMPTOM: 


1. Indicator lamp does not light. Transmission normal. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Lamp circuit. la. Check for burned-out bulb. 
b. Check lamp socket for loose or broken connections. 


c. Check switch contacts that control lamp circuit. 
NOTE: If none of the lamps will light, check socket and terminal 
strips for loose connections. 
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Figure 443. Intercommunications Panel SB-2/MPN-1, 
top view. 
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Figure 444. Intercommunications Panel SB-2/MPN-1, 
bottom view. 
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254. TROUBLE-SHOOTING CHART FOR TELEPHONE BOX. 


A. SYMPTOM: 


1. No speech output. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Microphone power. la. Measure the d-c voltage between chassis and pin C on receptacle 
1. The voltage should be 6 to 10 volts. 


b. Measure the voltage between chassis and the top leaf of JK1. It 
should be 4 to 6 volts. 


2. Microphone circuit. 2a. Check the jack for dirty and misaligned contacts. 
b. Test capacitor Cl for a shorted condition. 
c. Test resistance value of resistor R1. 
d. Check transformer T1 for open or shorted windings. 


e. Check all wiring for loose or broken connections. 


255. TROUBLE-SHOOTING CHART FOR HEADPHONE MATCHING ASSEMBLY. 


A. SYMPTOM: 


1. Weak or no output. 





Cl TI 






RECEP | 
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Figure 445. Telephone Box TA-6/MPN-1, interior view. 
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PROBABLE LOCATION OF FAULT PROCEDURE 
1. Transformers. la. Check transformer primary and secondary winding for an open 





CSI 
(314) 


circuit. 


. Check tightness of terminal strip connections. 


. Check receptacle to see that it is screwed on tight and that there 


are no broken or shorted connections. 


. Check all wiring for broken or loose connections, especially the 


ground leads. ~ 





TL43427 = came TL 43426 


Figure 446. Headphone Matching Assembly CU-46/MPN-1, Figure 447. Headphone Matching Assembly CU-46/MPN-1, 


top view. 


bottom view. 


256. TROUBLE-SHOOTING CHART FOR TOWER RECEIVER. 


A. SYMPTOMS: 


1. No audio output from tower receiver. 


2. Power supply voltage normal (28 volts dc). 





PROBABLE LOCATION OF FAULT 


1 


. Antenna or ground connection. 


2. ON-OFF switch. 
3. 
4 


Defective tube. 


. Defective circuit element. 


I-f alignment or local oscillator badly out 
of line. 


Gain control potentiometer. 


B. SYMPTOM: 


PROCEDURE 


1. 


2 
3. 
4, 


(oa 


Check antenna and ground connections. 
Check continuity of switch SW1 in ON position. 
Check all tubes. Replace any found defective. 


Check tube socket resistance readings (fig. 451) . Determine cause 
of any abnormal reading. 


Refer to paragraph 257, subparagraph 1, for alignment procedure. 


Check potentiometer VR1. Replace if defective. 


1. Weak or distorted output. — 
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PROBABLE LOCATION OF FAULT 


I: 
2: 


0. 


Set receiver dial to 210 kc. Adjust 


Antenna or ground connection. 


Low power input. 


. Defective tubes. 


Receiver alignment. 


Defective coupling or bypass capacitor. 


Defective circuit element. 


Service Manual T™ 11-1543 


PROCEDURE 

1. Check antenna and ground connection. 

2a. Check that the receiver has 28 volts dc supplied. \ 
b. If not, check Rectifier Power Unit PP-100. 


3. Check tubes. Replace any with poor emission or high resistance 
shorts. 


4. Check i-f and local oscillator alignment. Refer to paragraph 257, 
subparagraph t, for procedure. 


5. Check capacitors C5, C6, C8, and C9. 


6. Check tube socket resistance readings (fig. 451). Determine cause 
of any abnormal readings. 


ALIGNMENT PROCEDURE CHART 


Adjustment 


Ist and 2nd i-f transformers. 


Set receiver dial to 400 kc. Adjust 


antenna rf. and oscillator trimmers 
for maximum output. 


oscillator padder C3 for maximum 
output. 





RECEP | 


Dummy antenna 
in series with 
signal generator 


Connecting point for signal Alignment 
generator frequency 


Mixer grid (pin 6 of tube 14J7). 135 ke 50 puf 
Antenna socket J1. 400 kc 50 puf 


é 


Antenna socket J1. 50 puf 
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Figure 448. 
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Tower Receiver Control Box C-140/MPN-I, 


rear view. 
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Figure 450. Tower Receiver BC-1206-C, bottom view. 


257. ALIGNMENT OF COMMUNICATIONS AND 
INTERCOMMUNICATIONS. 


a. Power. (1) Set power switch on all three RA-62 
power supplies to 125-volt tap. 
(2) Turnscircuit breaker SW13, on power distribution 
panel, to ON position. 
(3) In the A rack turn on all SCR-522-A power supplies. 
Be sure that the ON-OFF switch on Rectifier Unit RA-62 
is on the ON position. Turn on all SCR-274-N power 
supplies. Be sure the cheater switch and the ON-OFF 
switch are in the ON position if the door is open. 


b. To Tune Radio Set SCR-274-N. (1) Throw 
SW50 on Control Box BC-451-A to CW position. 
(2) Screw down black knob on top of Control Box BC- 
451-A. This knob is to key the transmitter for CW use. 
Screwing down the knob keeps the transmitter on con- 
tinuously. 
(3) Turn the frequency control knob on the SCR-274-N 
transmitter being tuned, until dial reading corresponds 
to the crystal frequency as indicated by the printing on 
top of the crystal case. 


(4) Open snapslide H52, and adjust C60, the master: 


oscillator ‘capacitor, until the resonance indicator tube 
V53 shows the widest shadow as seen in this mirror on 
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the bottom side of lid above tube V53. This assures that 
tuning will be within 0.05 percent of correct frequency, 
across the entire tuning dial range. This is done to cali- 
brate the dial with the crystal. 

(5) Unlock controls, ANT. COUPLING, ANT. INDUC- 
TANCE and ANT. FREQUENCY (also marked LOCK on 
knob) and lock again when adjustments are completed. 
Adjust antenna inductance for maximum current reading 
on antenna current indicator (part of BC-442-A). Adjust 
antenna coupling for maximum antenna current. By 
rocking back and forth between these two controls, maxi- 
mum output is obtained. 

(6) Repeat procedure (3), (4), and (5) for the two 
remaining transmitter groups. 

(7) Release the turned-down knob on top of .BC-451-A 
and turn microphone switch SW50 to the VOICE position. 


c.'To Tune SCR-522-A Transmitters. Standard 
procedure for tune-up of these transmitters and receivers 
is covered in Instruction Book for Operation and Main- 
tenance, Army Air Forces T.O. No. 08-10-105, paragraph 
9A ‘and 9B. The only deviation used is in tuning the 
receivers. This tuning is done with audio and relay con- 
trols at full clockwise rotation; the radar interference can 
be substituted for a signal generator. By actual measure- 
ment, this gives the same sensitivity as with a signal 
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Figure 451. Tower Receiver BC-1206-C, resistance chart. 


generator and is recommended. SCR-522-A is crystal 
controlled. To change frequency, change crystals. 


d. To Check Receiver BC-342-N. (1) Turn OFF- 
ON switch to AVC position, and allow the receiver to 
warm up for at least 15 minutes. 


(2) Check receivers sensitivity on all bands. First unlock 
the thumbnut on lower left-hand corner. 


(3) Tune the receiver to approximately the frequency of 


its companion (SCR-274) transmitter. Listen to this re-— 


ceiver from PPI No. 1 position. Push the corresponding 
button on the intercommunications panel for the No. 2 
PPI position. Press transmitter key on the BC-451-A. 
Tune receiver now to exact frequency of transmitter. This 
eliminates possibility of missing initial contact with the 
airplane, as the calibration of these receivers is by no 
means accurate. 


(4) Repeat above procedure for the other two receivers. 


e. To Set Up Intercommunication System. (1) 
Set microphone power supply switch in A position. 
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(2) Turn P11 in both search centrals and the microphone 
gain potentiometer in the approach indicator to maximum 
clockwise position. 


(3) Plug the combination headset and microphone into 
the PPI No. 1 position, ‘push intercommunication key 
and adjust gain potentiometer for No. 1 PPI position in 
approach indicator to a comfortable side-tone level. 
(4) Repeat for the No. 2 PPI and for the controller’s 
position. 


f. Crosstalk. Check all channels, HF and VHF for 


crosstalk. Use two operators for this check. 


g- Operation of Push Buttons and Keys. Check 
the operation of each button on the intercommunication 
system and in the controller’s position on the approach 
indicator. Be sure the buttons control the proper trans- 
mitter and receiver. 


(2) Push the transmit key and give test count, observing 
antenna current meter for modulation. Check on all HF 


‘channels. 


(3) Repeat subparagraph (2) for all VHF channels, 
using a field intensity meter to observe modulation. 


h. Setting Controls for Channels. Set up com- 


munications for operation as follows: 


(1) HF communication No. 1 set for channel No. 1 


(3375KC). 


(2) HF communication No. 2 set for channel No. 2 
(4250KC). 


(3) HF ociuunication No. 3 set for channel No. 3 


(6905KC). 


(4) VHF communication No. 1 set for channel A 
(149580KC). 


(5S) VHF communication No. 2 set for channel B 
(151740KC). 


(6) VHF communication No. 3 set for channel C 
(154980KC). 


i. Alignment of Tower Receiver BC-1206-C. The 
i-f stages and local oscillator of the tower receiver should 
be adjusted in the manner indicated in the chart (p. 632). 
The signal generator used for alignment must provide a 
modulated output signal with a band coverage of at least 
135 to 400 kc. The i-f transformers, trimmers, and oscil- 
lator padder are adjusted for maximum output as meas- 
ured with an a-c voltmeter from the audio output con- 
nection jack J2. 
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SECTION IV 


AIR CONDITIONER MX-31/MP 


258. REFERENCE DATA. trouble-shooting chart for the air conditioner (par. 260), 
a. Figure 452. Motor input wiring of air conditioner. _ as well as the corrective procedures are complete in 
b. Figure 453. Air Conditioner MX-31/MP, front themselves and do not require further explanation.. Terms 

view. peculiar to the refrigeration industry have been used 
c. Figure 454. Air Conditioner MX-31/MP, side view. throughout this section. They are defined in paragraph 
d. Figure 455. Halide leak detector. 268. In addition to the trouble-shooting chart, consider- 
e. Figure 456. Halide leak detector, disassembled. able information on servicing and repairing the air con- 
ditioner will be found in paragraphs 261 through 267. 

f. Figure 457. Compressor oil pump. ok ae 
F; ; Some of the operations and service instructions given 
g- ‘Bu re 458. Compressor piston assembly. are rather difficult to do in the field because of a lack of 
h. Figure 459. Compressor body assembly. proper equipment. Hence, the rather technical service 


Figure 460. Compressor discharge valve assembly. procedure following the trouble-shooting chart is, in the 
259. PROCEDURE. The symptoms given in the ain, for the assistance of depot personnel. 


260. TROUBLE-SHOOTING CHART FOR AIR CONDITIONER. 


A. SYMPTOM: 


1. High head pressure. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Receiver. la. Purge air or other noncondensable gas from receiver. 
b. Draw off excess gas into service drum. 


2. Condenser. 2. Clean condenser of lint, caked dirt, or other obstruction. 


3. Condenser fan. 3. Change fan-blade pitch. Increasing. the pitch increases the air 
volume; decreasing the pitch decreases the air volume. 


B. SYMPTOM: 


1. Low head pressure. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. Expansion valve. 1. Change valve adjustment if liquid refrigerant is flooding evapora- 
tor. | 

2. Thermal bulb. 2. Examine fastenings. 

3. Discharge valve. 3. Test with gauges; if leaky, replace. 


C. SYMPTOM: 


- 1. High suction pressure. 
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PROBABLE LOCATION OF FAULT PROCEDURE 


1. Expansion valve. la. Regulate expansion valve to avoid overfeeding. 
b. Check thermal bulb attachment. 


2. Suction valves. 2. Check for leaks. Remove head, examine valve disks and rings; 
replace if worn. 


D. SYMPTOM: 


1. Low suction pressure. 





PROBABLE LOCATION OF FAULT PROCEDURE 
}. Liquid line and expansion valves or suc- 1. Pump down, remove, examine for restrictions, and clean screen. 
tion screens. 
2. Over-all system defect. 2a. Check for gas shortage at test cock. 
b. Check for excess oil. Remove if necessary. 
3. Expansion valves. 3. Open valve. If this does not correct trouble, adjust valve to give 
more flow. 


E. SYMPTOM:. 


1. Compressor noisy. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Compressor. la. Bolt down rigidly to foundation. 


b. Check oil level; check for oil at refrigerant test cock; check 
symptoms on oil chart. Too much oil in circulation may cause 
hydraulic knock. 


c. Determine location of worn parts such as piston, piston pins, etc. 
Repair, or replace compressor. 


2. Expansion valve. 2a. Close valve if open too wide. 
b. Check to see if thermal bulb is correctly placed. 


c. Loop suction line so refrigerant will not flood back on off cycle. 
_ Flooding back of refrigerant causes slugging. 


F. SYMPTOM: 


1. Oil leaves crankcase. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Expansion valves. la. Readjust expansion valves; check thermal bulbs for proper 
mounting. 


b. Valves may be wire drawn on needle and seat from passage of - 
vaporous refrigerant through valve due to low refrigerant charge. 
Back seat, or replace if necessary. 


2. Piston. 2. Replace leaking piston rings or worn cylinder. 
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1. Oil does not return to crankcase. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Oil check valve. l. If valve is stuck, remove burrs on hinge pole. 
2. Expansion valve. 2. Adjust valve to flood coil. 


H. SYMPTOMS: 


1. Motor fuse blows. 


2. Overload relay trips. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Motor. la. Check fuse and overload heater, element sizes against full load 
motor current. Install larger sizes if necessary within safe limit 
of motor. Use larger element if necessary, but not large enough 
to lower motor protection. 


b. Arcing or burned switch contacts may need replacement. Check 
carefully. Replace contacts or entire switch if necessary. 


c. Check voltages with voltmeter. If more than 10 percent low, 
correct. 


2. Discharge valve. 2. Test discharge valve. Replace if leaky, to avoid heavy load on 
motor when starting up due to heavy pressure over piston. 


I. SYMPTOM: 


1. Motor hot. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Motor. la. Check voltage with meter; if more than 10 percent low, correct. 


b. Oil bearings to reduce friction. 


J. SYMPTOM: | 
1. Compressor will not start. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Motor. la. Throw in switch. 
b. Clean contacts. 


K. SYMPTOM: , 
1. Head gasket leaks. 
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PROBABLE LOCATION OF FAULT PROCEDURE 
1. Head gasket. la. Examine gaskets, replace if necessary. 
b. Tighten head bolts. 
c. Replace washers. 
2. Crankcase. 2. Check flooding of refrigerant to crankcase. Examine for con- 
ditions on refrigerant and oil diagnosis chart. 


1. Cylinder and crankcase sweating. 





PROBABLE LOCATION OF FAULT PROCEDURE 


1. Over-all system defect. 1. Examine for conditions on refrigerant and oil chart. 


M. SYMPTOM: 
1. Connecting-rod knock. 


PROBABLE. LOCATION OF FAULT PROCEDURE 
1. Connecting-rod bearings. 1. Replace bearings. Remove bearing cap and insert new liners. 
| Do not file bearing caps. 


1. Motor does not start. 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Motor condensers. 1. Check condenser located in box at top of motor. Replace if 
necessary. 
2. Overload relays. 2. Reset relays. 
‘O. SYMPTOM: 


1. Direction of rotation of motor incorrect. 


PROBABLE LOCATION OF FAULT PROCEDURE 
1. Wire connections in box at end of motor 1. Rewire as shown in figure 452. The wiring at the top of the 
near condenser coil. figure will cause the motor to rotate counterclockwise (looking 


at the motor from the pulley nes The wiring at the bottom will 
result in clockwise rotation. 


261. GENERAL SERVICE OPERATIONS. (3) Remove the four cap screws which fasten the supply. 


a. Replacing Belts. The following procedyre should air fan to the motor pulley. : 
be carefully followed when removing and replacing belts: (4) Loosen the Allen setscrews in the motor pulley and 
(1) Remove the condenser fan guard. slide it on the shaft toward the motor. 


(2) Loosen the compressor base bolts and slide the (5) Remove the belts by passing them first over the 
compressor slightly toward the motor. metor pulley, then over the condenser fan blades. 
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REFRIGERANT AND OIL DIAGNOSIS CHART 


: : Suctioa Lise .. |Comp. 
pe (Pears Srmmcare|atre’” Pitee aiianae 
Compressor iae 


Too mech oil is|Appear to |Hard to | Warmer than {At same or j| Warm to 
ia circulation [have lack [control | line from ex-|jlower temp. | cool 
ia system pansion valve/than suction 
to coil but jlise, low 
cooler than jback pres- 
with correct 
oil circula- 
tion j 
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of oil in cir- 
culation 




















Slugs oa 
start or 
stop 
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Too mech liqeid|Opea to 
refrigerant far 
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Too little 
refrigerant 
in system 


Approaching 


Room Temp- 
erature 


Appear to 











(6) Install the new belts by passing them first over the (8) Connect the supply air fan to the motor pulley by 


condenser fan blades, then over the motor pulley. Always means of the four cap screws. 

replace both belts, never just one. Use a matched set of (9) Adjust the belts for proper tension by sliding the 

belts. compressor. If the condenser fan venturiplate strikes the 

(7) Slide the motor pulley to its former position and fan when the compressor is moved, loosen the screws 

tighten the Allen setscrews. holding the venturiplate, slide the plate laterally until 
Tl J8 TIO J6 TS T9 T4 





SS 117- VOLT INPUT -———~ 


CORRECT CONNECTION | 
(COUNTERCLOCKWISE ROTATION ) 


TI J8 TIO J6 TS T9 T4 


—_————__ IWT-VOLT INPUT ——— 


INCORRECT CONNECTION 


(CLOCKWISE ROTATION) 
TL43466 


Figure 452. Motor input wiring of air conditioner. 
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it is clear, and then tighten the screws. Proper tension 
can be tested by depressing the top belt with a finger 
midway between the pulleys. For properly adjusted belt: 
the depression will be about Y inch. 
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charge in the system. The other connection or connec- 
tions are then quickly made. If more than a few minutes 
must elapse during preparation after breaking connec- 
tions. the free ends of the svstem should be plugged. 


SUCTION STOP 


STOP VALVE 
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‘Figure 453. Air Conditioner MX-31/MP, front view. 


b. Shut-down Precautions. }t should be thoroughly 
understood that the greatest precautions must be taken 
to exclude air and moisture from a refrigeration system: 
that it should not be opened to the atmosphere without 
first removing the refrigerant, Freon-12, from that part 
of the system to be serviced. Whenever it is necessary 
to open the svstem in order to make repairs or replace- 
ments, the final evacuation should be to a_ pressure 
slightly above atmospheric pressure; that is, one to two 
pounds on the pressure gauge. (See pumping down in- 
structions. paragraph 208). If the final evacuation 
reaches a pressure lower than 0 pounds on the gauge. 
sufficient refrigerant should be bled into the evacuated 
part of the system to raise the pressure to between one 
and two pounds. Connections are then broken and the 
replacement or the new part installed. One connection on 
the new part should first be made so that the air or other 
foreign gases in the part can be swept out through the 
free end by purging with refrigerant gas bled from the 


Refrigerant or oil charging lines, although of small size 
and short length, should be purged with refrigerant gas 
immediately before actual charging starts. An examina- 
tion of any system will show that repairs cannot be made 
in the high side between the discharge stop valve and the 
liquid line shut-off valve without either losing the re- 
frigerant charge or transferring it to an empty refriger- 
ant cylinder. Since the receiver is provided with a stop 
valve at its inlet, the high side piping can be worked on 
by confining the charge of refrigerant in the receiver. | 


c. Adding Refrigerant. (1) Open the suction shut- 
off valve all the way, i.e., to its backseat. This shuts off 
the opening to the gauge plug, allowing removal of the 
gauge or plug. 


(2) Insert a 14-inch pipe to the 14-inch flare fitting and 
attach it loosely to the end of a charging line or copper 
tubing which has previously been connected to the 
weighed refrigerant drum. 
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(3) Open the valve on the drum for a few seconds to 
allow gas to escape and sweep air from the charging line 
through the loose flare nut at the compressor stop valve. 
Then tighten the flare nut. 


(4) With the machine running, screw in the stem of the 
compressgr suction stop valve about two turns. Then 
use the refrigerant drum valve to control the flow of 
refrigerant, being careful to avoid any sudden rise of 
pressure as noted on the gauge. 


(5) Periodically test for a showing of liquid refrigerant 
at the receiver test cock and charge an additional small 
amount after refrigerant first appears at the cock. Close 
the drum valve, backseat the suction stop valve, and dis- 
connect the drum. 


(6) Always charge with the drum valve up so as to 
avoid drawing out any foreign matter which may be in 
the drum. 


NOTE: As refrigerant is taken from it, the 

‘ pressure in the drum will finally drop to the 
level of the machine suction pressure. Al] the 
refrigerant can be removed by closing the suc- 
tion stop valve completely, thereby pumping 
down the crankcase pressure to below atmos- 
pheric pressure and drawing a vacuum on the 
drum. 


d. Removing Refrigerant. The refrigerant may be 
pumped into a service drum by disconnecting the liquid 
line from the liquid stop valve and plugging, after first 
pumping down the system. Connection to an empty re- 
frigerant drum is made directly to the liquid line valve. 
Seldom, if ever, will it be possible to recover all of the 
refrigerant. Weigh the empty drum before filling and 
check occasionally to see that the net weight of Freon-12 
is not exceeded. Standard cylinders hold 4, 10, 25, and 
145 pounds of Freon-12, respectively. 


CAUTION: In all service operations involving 
the transfer of refrigerant from one container 
to another, the flow will be from the higher to 
the lower pressure region. When all the liquid 
has been recovered, the refrigerant gas flowing 
into the service drum will have to be condensed 
by standing the drum in a barrel of ice water. 
Standard “Freon-12” cylinders must not be 
filled beyond their rated capacity, since there 
is danger of a rupture because of increased 
pressure due to a rise in temperature. 
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e. Testing Discharge Valve. Install a head pressure 
gauge and a suction gauge. Pump down the compressor 
crankcase to two pounds pressure. Stop the compressor, 
close the suction and the discharge valves quickly, and 
observe if the crankcase pressure rises and the lead pres- 
sure falls. If a valve is leaking, these pressures will 
change rapidly. The head pressure drop should not 
exceed about three pounds in | minute. 


f. Cleaning Liquid Line Strainers or Expansion 
Valve Screens. Close the liquid line valve at the re- 
ceiver, pump down the system to two pounds pressure 
and stop the compressor. Remove the refrigerant line 
and plug the tubing ends to exclude air. Remove the 
screens and clean them. Reinstall the screens, purge all 
lines, open the valves and start the compressor. _ 


g. Test for Sufficient Gas. Liquid receivers are 
fitted with a liquid level test cock, and tests for sufficient 
refrigerant should be made at this point. With the unit 
running under normal load, open the liquid level test 
cock. If only vapor issues from the outlet, the system 
is insuficiently charged. A hot liquid line is also an 
indication of insufficient charge. The liquid line should 
be slightly warmer than the temperature of the surround- 
ing air. Testing in this fashion requires experience and 
is not recommended over the more positive test cock 
method. 


h. Test for Excessive Oil in Circulation. This test 
is made at the liquid level test cock. With a clean piece 
of white paper held against the opening of the petcock, 
turn the valve stem and allow a small quantity of re- 
frigerant to spray on the paper. If a proper amount of 
oil is in circulation, the oily residue left on evaporation 
of the refrigerant should not produce a stain of greater 
intensity than that required to make the paper appear 
water-marked. The conditions listed in the oil diagnosis 
chart should also be investigated when testing. 


i. Removal of Noncondensable Gases from Sys- 
tem. Air and noncondensable gases collect in the receiver 
above the refrigerant. These can only be removed by 
purging. After the low side has been opened for servicing 
the compressor or the expansion valve, or the system has 
been opened for any reason, it is advisable to allow a small 
amount of gas to escape in order to carry away any alr 
and consequent moisture which has entered the low side 
during the servicing operation. Purging is also necessary 
when the head pressure goes beyond the point shown as 
the normal pressure on the Freon characteristics chart 
(par. 267). To purge the system, close the discharge 
shut-off valve on the compressor to keep gas from leaving 
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Figure 454. Air Conditioner MX-31/MP, side view. 
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the compressor body. With an end wrench, loosen the 
plug in the discharge shut-off valve sufficiently to allow 
a small amount of gas and air to escape for a period of 
about 5 and not more than 10 seconds. If the head pres: 
sure remains high, repeat the operation. 


262. HALIDE LEAK DETECTOR. 

a. Testing for Leaks. The most positive method for 
finding leaks is with the halide leak detector included 
in the tool kit. Testing with oil or soapsuds at joints will 
locate only the larger leaks and is therefore ineffective in 
determining the tightness of the system. In checking for 
leaks, place the end of the exploring tube at the joint or 
point of test and observe the color of the lamp flame. 
Small leaks give a greenish tint to the flame, while large 
leaks color the flame a vivid. blue. Pressure is produced in 
the fuel tank by the heat generated when the alcohol is 
burned in the small cup under the burner. The alcohol 
vapor under pressure burns with a blue-tinted flame when 
mixed with air in the burner. The air used in the burner 
is drawn through the sampling tube. Therefore, any 
traces of Freon-12 mixed with the air drawn in through 
the tube are immediately evident. The gas decomposes 
when coming in contact with the heated copper flame- 
ring in the burner and colors the flame. The base cap of 
the torch (M) is also used as the filler cap (fig. 456). 
Unscrew this cap and fill the small tank (L) located 
under it with the special anhydrous alcohol provided. 
(Alcohols that contain solids will cause clogging, filling 
the fuel passages and thus impairing the operations of 
the torch.) Do not attempt to fill the torch too rapidly, as 
time must be allowed for the wick within the tank to soak 
up the fuel. If this fact is not taken into consideration, 
only a partial charge of alcohol will be obtained in the 
tank, thus cutting down the operating time for that 
particular refill. If possible, use a small-necked bottle 
for carrying extra fuel so that a funnel will be unneces- 
sary. Under ordinary operating conditions, the torch will 
burn for about 45 to 60 minutes on a full charge. This 
operating time, of course, depends entirely upon the size 


of the flame, which is adjusted by the use of the small. 


handwheel control valve on’the side of the torch. To 
generate the torch, the small cup located directly under 
the burher should be half filled with alcohol and lighted. 
Allow this alcohol to burn away completely before at- 
tempting to make tests. When lighting the burner, be sure 
to open the valve a little. If the torch does not light at 
once, partially choke off the air supply through the sam- 
pling tube. This increases the richness of the mixture. 
When checking for very small leaks, throttle the flame, as 
the percentage of the sample drawn in through the sam- 
pling tube increases in proportion to the amount of fuel 
being consumed with the reduction of the flame size. At 
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no time should the valve be opened to the extent that the 
flame flares out of the top of the chimney. Be sure that 
the base cap is screwed on tightly and also that the pack- 
ing nut on the handwheel control valve is tight before 


cenerating the torch. A loss of pressure at these points 
will materially affect the operation of the torch, 
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TL-35930 
Figure 455. Halide leak detector. 


b. Disassembling the Torch. (1) Remove the base 
cap (M) of the torch. 
(2) Loosen the screw (P) in the side and at the bottom 
of the composition case (O), and remove the case from 
the torch. 
(3) Place one end of the fuel tank (L) and the hexagonal 
section of the generator valve assembly (H) in a vise. 
Unscrew the tank with a wrench placed on the bottom or 
filler end. Tighten the vise only enough to prevent the 
hexagonal end from turning. Do not draw up too tightly. 
(4) Remove the wick with the perforated metal shield on 
the upper end of it (K). This is most easily accomplished 


TM 11-1543 


by using two scratch awls, or other pointed tools, oppo- 
site each other: allowing the points to engage in the holes 
of the perforated brass shield; then, with a prying action, 
pull out the wick assembly. Above this wick is a coarse 
screen (J) and a fine mesh screen (1). After these 
screens are removed. the fuel supply hole in the generator 
valve assembly will be visible. This hole leads up through 





TL 43461 
Figure 456. Halide leak detector, disassembled. 


the valve to the small jet or fuel outlet (G). To remove 
this jet, use a standard 14-inch suction valve key. 


(3) After the jet is removed and the control valve is 
opened several turns, there should be no restriction to the 
flow of fuel or air through this passage. To clean the 
passage, back the valve needle off the seat several turns 
or remove the needle altogether. Use a small drill, not 
over No. 52 in size, or a small wire to clear away obstruc- 
tions. If the torch, however, fails to allow fuel to pass 
through the fuel jet after generating, remove the jet and 
replace it with the extra one (T) carried in the base cap 
of the torch under the small brass disk (N). If no time 
is lost in effecting this change over, the torch may be 
lighted without another generating operation. Under the 
brass disk in the base cap there is also an extra washer 
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(S) for the base cap and a jet cleaning wire (R). A 
clean jet should always be kept in the reserve location 
under the brass disk. 


CAUTION: Do not try to clean the jet while it 
is assembled in the torch. This will merely push 
foreign substances back from the orifice and 
allow them to return to the jet when the valve 
is opened. A complete disassembly of the torch 
should not be required if the proper alcohol is 
used. At no time should a rubber stopper be 
used on the alcohol container. 


263. COMPRESSOR LUBRICATION. This discus- 
sion on compressor lubrication is offered as a guide in 
maintaining the proper oil level in the compressor. The 
compressor oil levels for the type 7K3 unit here used 
are as follows: 


Factory oil change. ....... 0.0.0.2 eee eee 4 pts. 
Oil level, lowest speed.............. V bull’s-eye 
Oil level, highest speed.......... 1... bull’s-eye 


Minimum oil level, machine standing 
To MINULES 6 ng we eRe eee es VY, bull’s-eye 


These are average values; if it is observed that the oil 
level is slightly lower than listed, it does not necessarily 
follow that there is insufficient lubrication if a good 
visual splash can be observed through the bull’s-eye. It 
is only when splash is poor that trouble results. Should 
oil be added to a unit which already has an excess of oil 
in the system (determined by the test at the refrigerant 
test cock on the receiver), paradoxically it will tend to 
lower the oil level in the crankcase rather than raise it. 
This is due to the fact that when oil returns to the crank- 
ease it always contains some refrigerant, which causes 
foaming upon entering the warm crankcase; therefore, 
the more oil the more foaming, and hence the increased 
loss. There is one important condition which must be 
maintained and that is, the temperature of the crankcase. 
This must be somewhat warm. While the crankcase may 
be chilled for a short period after a machine is started up 
from a long shutdown, it should warm up in 1/4, hour and 
should eventually run at a temperature of around 105° F., 
which is slightly warm to the touch. Under some condi- 
tions it may run hotter than this but should not run colder. 
A crankcase which is running colder than normal is an 
indication of one or both of two conditions: expansion 
valves adjusted with too little superheat, or excessive oil 
in the system. If the crankcase is running cool, the oil 
level will always be lower than it would be if the crank- 
case were at normal temperature. The reason for this is 
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that the refrigerant which is evaporating from the oil in 
the crankcase is cooling it and causing the oil to foam, 
thus carrying it out into the system. At the same time the 
refrigerant is maintaining a pressure on the crankcase in 
excess of the suction pressure, preventing the return of 
oil at the proper rate, as described above. To correct a 
low oil level condition, check the expansion valve setting 
for the correct superheat. A final check of the expansion 
valve setting should be made to make sure the compressor 
cylinder walls are warm to the touch, with no perceptible 
chilling particularly at the point directly above the bot- 
tom flange where they attach to the crankcase. If there is 
only a small amount of superheat, or if the crankcase is 
running cold with a normal superheat, it may be advisable 
to increase the superheat temporarily in order to facilitate 
the return of oil to the crankcase. The next step is to 
remove the excess oil from circulation. It can be said at 
this point that any oil which cannot be retained in the 
crankcase is excess oil and should be removed from the 
system. The best way to remove the excess oil is to 
loosen the oil drain plug ‘in the compressor crankcase 
and allow the lubricant to bleed out slowly while the 
compressor is running. The rate of removal should be 
about one quart per hour. As the’ oil is drained from the 
crankcase, it will be replaced by oil dropping out of 
circulation from the system. As the amount of excess oil 
is gradually reduced, there will be a noticeable rise in the 
crankcase level despite the fact that the oil is being re- 
moved from the crankcase. The process should be con- 
tinued until there is no more than a slight trace of excess 
oil in the system. To check this, place a finger or a piece 
of clean white paper near the opening in the liquid test 
cock on the receiver. Open the test cock to allow a small 
amount of refrigerant to spray on the finger or the paper. 
Unless the amount of oil in_the system is excessive, only 
a slight trace should be detected when the refrigerant 
evaporates. When this procedure is followed slowly 
enough to allow ample time for the oil to return to the 
crankcase, the oil should rise to a normal level in the 
crankcase at about the time that all excess oil has been 
removed. If it has not done so, it may still be assumed 
that the oil level is high enough to maintain satisfactory 
operation of the compressor. No advantage will be gained 
by allowing excess oil to circulate in the system, and the 
removal of oil should by all means be carried out until 
this excess is eliminated. There is, however, one point 
which might be mentioned in connection with this com- 
pressor. The machine will, after a shutdown of any dura- 
tion, lose considerable oil, sometimes to the point where 
splash almost ceases. It may be anywhere from 20 
minutes to 1 hour before the oil will begin to return, 
depending on how much refrigerant has been absorbed 
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in the crankcase during the shut-down period. It should 
not be alarming, as it happens on every normal instal- 
lation. 


a. Adding Oil. The most direct way of adding oil 
to a compressor is to pump down by slowly closing the 
suction stop valve, until the crankcase pressure remains 
at two pounds. Unscrew the oil filler plug found near 
the top of the crankcase and pour in oil from a sealed 
container. Use heavy medium dehydrated oil. By refer- 
ence to the compressor oil levels given at the beginning 
of this paragraph, an idea will be obtained as to how 
much oil should remain in the crankcase for good lubri- 
cation; and although some oil may be in circulation, it 
will normally be only a fraction of the quantity in the 


~ crankcase. 


b. Removing Oil. To remove oil from the crankcase 
of a compressor, reduce the pressure in the crankcase to 
two pounds by gradually closing the suction shut-off 
valve. Stop the témpressor. Open the oil test plug or 
loosen (do not take out) the drain plug in the compressor 
body and allow the required amount of oil to drain out. 


_ NOTE: Since the crankcase is under slight pres- 
sure, do not fully remove the drain plug from 
the compressor, but allow the oil to seep out 
around the threads of the loosened plug. Re- 
tighten the drain plug, open the suction shut-off 
valve, and restart the compressor. 


c. Oil Pump. The forced-feed system of lubrication 
is used. The pump on the end of the compressor shaft 
opposite the flywheel is precision machined and is seldom 
repaired in the field. The pump is an integral assembly 
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Figure 457. Compressor oil pump. 


of the compressor and is mounted on the end cover plate. 
Its shaft fits into a slot in the end of the crankshaft. The 
oil pressure should register a minimum of 20 pounds 
over the suction pressure. In other words, a gauge at- 
tached to the pump will register the sum of the suction 
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pressure and the oil pressure. For example, if the suction 
pressure is 40 pounds, the oil pressure gauge should 
read at least 60 pounds, and not over 70 pounds. Read- 
ings should be taken after a few minutes running time. 


264. COMPRESSOR SERVICING. 

a. Removing Discharge Valve. (1) Pump down the 
crankcase by gradually closing the suction shut-off valve 
until a crankcase pressure of two pounds has been reached. 
(2) Stop the compressor. 

(3) Close the discharge shut-off valves. 

(4) Remove the plug from the gauge tap of the discharge 
shut-off valve and relieve the pressure in the head of: the 
compressor. 

(S) Remove the compressor head bolts, lift off the head, 
and remove the discharge valve. 

(6) Replace the valve and compressor heads, using new 
gaskets. 

(7) Open the suction shut-off valves slightly to purge the 
head of the compressor. 

(8) Replace the gauge tap plug. 

(9) Open the discharge shut-off valve. 

(10) Open the suction shut-off valve and start the com- 
pressor. 


b. Removing Compressor Body. (1) Close the 
suction shut-off valve gradually until a crankcase pres- 
sure of two pounds has been reached. 

(2) Stop the compressor and close the discharge shut- 
off valve. 

(3) Remove all bolts from the suction and discharge 
shut-off valves. 

(4) Withdraw the compressor. 

(5) Replace the compressor body with a new one and 
attach the suction valve. 

(6) Attach the discharge valve or head fitting -loosely ; 
purge the compressor by opening: the suction valve 
slightly; then fasten the discharge valve or head fitting. 
(7) Operf the discharge and suction shut-off valves. 

(8) Start the compressor. 


c. Testing Shaft Seals for Leaks. Shaft seals somé- 
times show indications of leaking immediately after instal- 
lation. There are several causes that would indicate a 
leak even though the:seal holds perfectly. At the time 
the seal cover plate*and the old seal assembly are removed, 

. oil-containing refrigerant may have leaked around the 
housing or off the shaft. This will be sufficient to give a 
strong indication of leaks. During operation, the seal 
assembly is covered with oil which lubricates the bear- 
ing surface of the seal and also prevents leakage of 
refrigerant. If the seal is assembled dry, that is, without 
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first dipping the nose in oil, it is possible that a slight 
leakage may occur until the compressor has made a few 
revolutions and has filled the seal housing with oil. 
Always dip the seal nose in clean refrigerator oil before 
assembling the parts in the compressor. 


d. Repairing Seal Leak. While it is possible to re- 
pair a scored or scratched shaft seal by lapping with 
jeweler’s rouge and oil on a lapping plate, the replace- 
able seal used here is so designed that the seal bellows, or 
shoulder, may be replaced quickly. It is considered a 
surer. method of repairing, to replace the seal assembly 
or separate seal parts when required rather than to at- 
tempt to relap them. Relapping is more easily accom- 
plished in a shop properly equipped for such work. 


(1) Before attempting to replace a seal, study the ex- 
ploded views (figs. 458-460) of the compressor. Note the 
order in which the seal parts are assembled to the com- 
pressor body. 


(2) Reduce the crankcase pressure to two pounds by 
gradually closing the suction shut-off’ valve. Stop the’ 
compressor and close both stop valves. Remove the fly- 
wheel and seal cover plate. Remove the seal parts. Wipe 
out the seal recess with a clean lint-free cloth. Next insert 
the neoprene gasket.in the recess in the seal shoulder, 
and, holding the shoulder face down, dip it in a clean 
volatile oil solvent. Allow the solvent to dry off and then 
dip the shoulder in clean compressor oil. 

(3) Slide the shoulder on the shaft, being. as careful as 
possible not to touch the bright surface. 

(4). Next, follow the same procedure with the nose or 
bearing surface of the seal bellows assembly, having first 
seated the back of the seal assembly into the recess in 
the cover plate. 

(5) Place the lead gasket over the seal and slide the 
whole assembly over the shaft and against the shoulder 
previously installed. 

(6) Insert all cover plate bolts and pull the cover up to 
a seat against the lead gasket. 


e. Cleaning Suction Strainers. (1) Reduce the 
crankcase pressure to two pounds by gradually closing 
the suction shut-off valve. 


(2) Stop the compressor. 
(3) Close the discharge shut-off valve. 


(4) Remove the strainer and plate by removing the bolts 
holding it to the strainer body. 


(5) Remove the strainer and clean the screen, using a 
small brush carbon tetrachloride or a similar solvent.. 


(6) Dry the strainer screen thoroughly and replace it in 
the strainer body. 
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(7) Purge the strainer cavity by opening the suction 
shut-off valve slightly and replace the strainer end plate. 
(8) Open the discharge and suction shut-off valves and 
start the compressor. 


265. GENERAL PRECAUTIONS. 

a. Importance of Dehydration.-Too much emphasis 
cannot be placed on the importance of perfect dehydra- 
tion of any installation. Failure to remove, the last traces 
of moisture or to prevent the admission of moisture during 
servicing operations inevitably leads to trouble. Slight 
excess of water in a Freon system will result in the forma- 
tion of an acid condition that may lead to: 

(1) Severe corrosion of steel parts. 

(2) Intercrystalline corrosion of the bellows used in seals 
and expansion valves. 

(3) Copper plating of the shaft and bearing. 

(4) Slugging or gumming of the oil. 

(5) Plugging of strainers because of corrosion and break 
down of particles. 

(6) Freezing and plugging of the expansion valves; and 
numerous other troubles. 


b. Use of Alcohol. The introduction of alcohol or. 


other similar commércial preparations for the purpose of 
overcoming freezing trouble at expansion valves due. to 
moisture in the system, is to be severely criticized. The 
cure leads to trouble worse than the cause. 


c. Dirt in Compressor. This is a difficult problem 
owing to the use of steel coils and piping. Particles of 
mill scale will pass through the fine mesh screens used 
in suction scale traps and strainers, and these must often 
be augmented by felt strainers until the system has been 
thoroughly run in and this loose material has been ac- 
cumulated at the liquid strainer where it may be removed. 


266. SERVICING THERMAL EXPANSION 
VALVE. The thermal expansion valve is controlled by 
pressure differential between the vapor pressure in the 
evaporator and the vapor pressure in the thermal bulb. 


Since the thermal bulb is in thermal bond with the suction , 


line, the vapor pressure in the bulb is a function of the 
suction line temperature. Since the valve operates on a 
pressure differential, it cannot be set to produce a fixed 
evaporator pressure. Under. the action of the thermal 
valve, the evaporator pressure will vary in the direction 
of load increase or-decrease. To make the valve opera- 
tive, since it works through pressure differential, it is 
necessary that the pressure in the thermal bulb be some- 
what Higher than the pressure in the evaporator, which 
means that the suction line where the bulb is clamped 
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must be at a higher temperature than that within the 
evaporator. Hence, the vapor in the suction line at this 
point must be in a somewhat superheated state. This 
superheat should be at the minimum which will allow the 
valve to regulate. The amount of superheating will, in 
general, vary between 5 and 10 degrees. Excessive super- 
heat indicates lack of sufficient refrigerant flow through 
the expansion valve, reducing the capacity of ‘the evapo- 
rator. The sensitivity and response of the thermal expan- 
sion valve is largely dependent upon the proper installa- 
tion of the thermal bulb. The thermal bulb should always . 
be firmly clamped to the suction line. A telephone or 
radio ground clamp makes an excellent means for attach- 
‘ing the bulb to the suction line and assures a thorough 
contact. A thermal expansion valve of sufficient capacity 
will maintain all the evaporator surface effectively in 
contact with a boiling refrigerant, regardless of the change 
in load on the evaporator. Under normal conditions, the 
thermal bulb will cause the expansion valve to close dur- 
ing the shut-down period. There are, however, certain 
conditions that will affect this and may permit over- 
flooding of the evaporator. For this reason, suction lines 
are trapped. In this unit, the evaporator and thermal 
bulb are under the same conditions of temperature and 
pressure. Hence, the valve will remain closed during 
shut-down periods. 


a. Thermal Expansion Valve Adjustment. Grasp 
the suction line at least 18 inches beyond the location of 
the thermal bulb; gradually adjust the valve with the 
other hand. When the valve is properly adjusted, a slight 
surge in temperature, appearing with a regular cycle, will 
be noted. The rise in temperature is slower than the drop 
in temperature. Actual overftow of liquid is evidenced 
by a sharp and very quick drop in temperature; also by 
the usual evidence of sweating of the compressor crank- 
case and oil slugging at the start of the running period. 
This must not be. allowed. See the oil diagnosis chart. 


267. CHARACTERISTICS OF FREON-12. 


a. Odor. Faintly sweet’ resembling carbon tetra- 
chloride cleaning fluid. There is no odor in concentra- 
tiows of less than 20 percent by volume of air. 


%. Color. Colorless. 


c. :Physical Properties. Gaseous at atmospheric pres- 
sure and at room temperature. It liquefies at a pressure 
of about 75 pounds per-square-inch. It is nontoxic, non- 
irritating, nonexplosive, and noninflammable. It will not 
cotrode iron, steel, copper, brass, or any other common 
metal or alloy. It decomposes, however, in the presence 
of fire to form an irritant gas; therefore, care should be 
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taken not to release a large quantity of concentrated 
refrigerant) where a torch is being used for repair or 
soldering operations. 


FREON CHARACTERISTICS CHART 
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268. REFRIGERATION TERMS. 


a. Pumping Down. Whenever a refrigeration sys- 
tem is to be opened to the atmosphere for service opera- 
tions or repairs, it is necessary to remove the refrigerant 
from the part of the system to be opened. The refrigerant 
is confined to the receiver by closing the liquid line stop 
valve and (with a gauge attached to the suction stop 
valve) operating the machine. Thus all the gas is drawn 
back to the compressor and condensed in the condenser, 
but is prevented from going further by the liquid stop 
valve. Final evacuation of the “system” should be to a 
pressure of one to two pounds, so that when it is opened 


temporarily the slight gas pressure will permit a sinall 
amount of refrigerant to escape and prevent the entrance 
of air at the opened port. When performing this opera- 
tion, first pull the gauge pressure down to about 5 inches 
of pressure and stop the machine. The gauge pressure 
will build up quite rapidly. When it reaches the 0 pound 
level. start the machine again. and pump down again to 
about 5 inches. The build-up will be slower and finally. 
if the operation is timed correctly.. will rise to slightly 
over 0 and stay there several minutes. If by chance the 
pressure will not rise to 0 or slightly above. sufficient gas 
can be admitted to the svstem by quickly opening and 
closing the liquid stop valve. building the pressure up to 
the desired point. If the low pressure safety control is 
set above the 0 pound level. it will be necessary to hold 
the pressure control contacts closed by hand in’ order 
to permit operation of the machine. In order to confine 
refrigerant to the condenser, close the compressor dis- 
charge shut-off valve. 


b. Backseating a Valve. Vhe compressor discharge 
and suction stop valves are usually provided with a double 
seating valve and a gauge tapping. Turning the valve 
stem all the way to the right (forward) closes the outlet 
of the valve, and in this position the gauge connection is 
open to the pressure in the compressor. Turning the 
valve stem all the wav to left (out) backseats the valve. 
and closes off the gauge connection. Therefore, when 
attaching a gauge or charging line to the gauge opening, 
the valve must be back-seated to prevent escape of refrig- 
erant from the gauge tapping. 


c. Charging. Charging is the addition of refrigerant 
to a svstem fron: an external drum. 


d. Purging. Purging is the release of air or noncon- 
densable gases from a system through a cock placed near 
the fop of the receiver. It also denotes the sweeping of 
air out of a newly installed part or connection by releas- 
ing refrigerant gas into the part and allowing it to escape 
from the open end, thus pushing the air ahead of it. 


e. Gas. Gas, as referred to, is a refrigerant in either 
the liquid or gaseous state. 


f. Slugging. Slugging refers either to the liquid re- 
frigerant returning to the compressor and thereby caus- 
ing the valves to be noisy, or to the oil that is pumped 
out of the compressor crankcase or returned to the com- 
pressor in a solid mass which causes knocks in the 
compressor. 


g. Low Side. The low side is that part of a system 
lying between the expansion valve and the suction valve 
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in the compressor. It includes the evaporating or cooling 
surface, the suction line, and the compressor crankcase. 
It also indicates the portion of the equipment under suc- 
tion pressures. The term is sometimes used to designate 


the evaporator coils. 


h. High Side. The high side is the remainder of the 


system, i.e., that part of it which is under high pressure. 


It sometimes means the condensing unit. 
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i. Low Pressure Control. The low pressure control 
is an electrical contact device operated from the suction 
line pressure which acts to prevent compressor operation 
when the suction pressure falls helow a predetermined 
point. It is used either as an operating control or a safety 


control. 


j. High Pressure Control. The high pressure con- 
trol is an electrical contact device operated by head 
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Figure 458. Compressor piston assembly. 
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Figure 459. Compressor body assembly. 
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pressure and acting as a safety control to prevent damage 
to the compressor in’ case of dangerously high head 
pressure, 


k. Frosting Back. Frosting back is the appearance of 
frost on the suction line. extending as far back as the 
co 


COMpressor, 


Saturation is the condition of the 
gaseous refrigerant in the presence of boiling liquid at a 


I. Saturation. 
given pressure. In tables of refrigerant: properties, cor- 


responding temperatures and pressures are given at the 
saturation point. 


n. Wire-drawn Valves. Wire drawing is an erosive 
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effect generally caused by Jeakage of vapor or gas through 
an opening. such as in a valve not in secure contact with 
the seat. This erosion can be largely eliminated by se- 
curely closing valve on the seat each time it is operated. 

m. Superheat. Superheat is additional heat beyond 
that required to produce saturation at any specific pres- 
sure. Tt is usually spoken of in terms of degrees Fahren- 
heit above saturation temperature. For’ example. from 
the table of Freon properties it is seen that the tempera- 
‘ture corresponding to 81.06 pounds gauge pressure is 
80° F. Should a temperature measurement of refrigerant 
at 81 pounds pressure show 90° F.. the gas would be said 
to have 10 degrees of superheat. 
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Figure 460. Compressor discharge valve assembly. 


SECTION V 
HYDRAULIC LEVELING SYSTEM 


WARNING: Never lift the rear of the trailer sufficiently with the hydraulic 
jacks to take all of the weight off the back tires. The jacks are not braced 


laterally and the entire trailer can slide sideways. This will force the jacks 
against the trailer body causing bending or breaking of the jacks. 





269. REFERENCE DATA. 
a. Figure 247. Hydraulic leveling system, block dia- 
gram. 
b. Figure 461. Hydraulic jack in place. 
c. Figure 462. Hydraulic pump motor. 
d. Figure 463. Hydraulic system control box. 
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_ 270. SPECIAL INFORMATION. When it is necessary 


to add oil to the hydraulic system, it is important that the 
oil added be of the same grade and brand as that orig- 
inally used in the system. Different kinds of oil should 
not be mixed as they may have a different base and conse- 
quently cause corrosion or gumming of the hydraulic 
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system. The hydraulic system of Radio Set AN/MPN-1 system be drained, flushed, and completely refilled with 


has been filled at the factory with General Petroleum No. the new oil. The characteristics of the oil used must be 
230 White Oil. Should it be necessary to add another such as to maintain a viscosity of SAE-10 at ambient 
brand of oil, it is recommended that the entire hydraulic temperatures from -50 degrees to +140 degrees. 


271. TROUBLE-SHOOTING CHART FOR HYDRAULIC LEVELING SYSTEM. 


1. Leaks as indicated by change in spirit level reading (a slight amount of oil on the 


pipes and parts is not only permissible but desirable) . 





PROBABLE LOCATION OF FAULT PROCEDURE 
1. Pipe connections between pump and mani- la. If any leaks appear at the joints, tighten those affected with a 
fold and from manifold to leveling jacks. pipe wrench. These are tapered 1-inch thread pipe connections, 
and should be firmly seated. 


b. If further tightening is impossible, or tightening proves ineffec- 
tive, place the main hydraulic drive control in the neutral position 
to back off the pressure within the lines. 


c. Loosen the pipe connection with a pipe wrench; apply Normal 
No. 30, or equal, sealing compound and retighten the joint as far 


. as it will go. / 
2. Flexible wire-wound hose connections to 2. Ifa hose is damaged, replace as follows: 
the hydraulic jacks (fig. 461). a. Back off the pressure in the system by keeping the main valve in 
neutral position. 


6. Remove the sleeve union at both ends of the hose from the pipe 
_ connection. 
c. Remove the union from the hose, and install on the replacement 
hose. ) 
d. Connect the new hose, making certain that the unions are tightly 
connected to the hose and to the piping. Apply sealing compound, 
Normal No. 30, or equal, as. previously indicated in lc. above. 

3. Hydraulic jack control valves. 3a. Examine the Crane No. 232 H type hydraulic jack control valves 
(fig. 463) for leakage at the seat. 

b. In case any slight leakage of oil is noted, tighten the cap over 
the valve gland with a hexagonal wrench. 

4. Insufficient oil in system. 4a. Occasionally it will be necessary, after replacing a hose or repair- 
ing a leak, to refill the system with oil (par. 270). Open the pet- 
cock at the side of the sump. Open the pipe cap at top of the 
master valve. Pour the oil in carefully to prevent excess air from 
entering the system. 

b. Bleed out all air in the system by working the jacks up and down. 
Otherwise, jacks will lose pressure by air leaking out gradually. 


WARNING: Keep all dust and dirt out of the oil or it. 


may seep into valve stem and cause leakage. 


9. Jack cylinder. 5. If above checks do not clear the fault, a jack cylinder may have 
become defective, causing a leak. Replace with new jack, follow- 
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Figure 462. Hydraulic pump motor. 


ing procedure given in item 2. Be sure that the connec- 
tions of jack to pipes are correct. Top of cylinder is 
connected to the high pressure line. Jacks should be per- 
pendicular at start of action or jack may break. The fifth 
wheel must be in neutral position when operating jack 
on pin or the fifth wheel will be damaged. 





Figure 461. Hydraulic jack in place. 


B. SYMPTOM: 


1. Irregular action of leveling. 





PROBABLE LOCATION OF FAULT PROCEDURE 

1. Air bubbles in system. 1. Run jacks up and down. Put pressure on them to gradually force 
air out. This operation takes some time. 

2. Shortage of fluid. 2. See symptom A, item 4. 

3. Pressure regulator. 3a. Take off cap cover of pressure regulator screw. Loosen locknut. 
Screw slotted screw in to increase pressure and out to decrease 
pressure. 

b. Sticking of pressure regulator may be caused by broken spring 
: or foreign material under seat of regulator ball. Clean or replace 
the regulator. 

4. Leaking oil line. 4. See symptom A. 

5. Faulty pump. 5. This will be a rare case because of the positive action of the 


pump. But foreign matter in the oil may cause faulty action in 
the pump. Flush out the oil and replace with new oil. 


C. SYMPTOM: 


1. Overheating of motor. 
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PROBABLE LOCATION OF FAULT PROCEDURE 
1. Friction in gear head or motor (fig. 463). la. Hand test of heat will indicate any existing friction. 
b.. Lubricate if necessary. 
c. Disconnect coupling between pump motor and pump. If motor 
now runs without overheating, the pump system is at fault. 
2. Defective pump. 2. This would be a rare case because of the positive action of pump. 
Fault may be caused by foreign matter in oil, or excessive wear. 
3. Defective motor. : 3a. Windings of motor may be shorted. 
b. Frozen bearing or defective parts will cause motor to stick. Re- 
place part as needed or replace motor. 


MASTER VALVE LEVER 
HYDRAULIC CONTROL VALVES | STOP-START SWITCH 
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Figure 463. Hydraulic system control box. 
D. SYMPTOM: 
1. No operation of system. 
PROBABLE LOCATION OF FAULT PROCEDURE 
1. No power supply. la. Check position of circuit breaker SW15 in power distribution 
panel. 


b. Check operation of start-stop button located on the wall near the 
hydraulic well. 
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2. Defective pump motor. 


3. Coupling of pump and motor. 


4. Defective jack. 


3. Defective pump. 
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Cc. 


2a. 
b. 


Service Manual T™ 11-1543 


3. 
4. 


Check connections at terminal box on pump motor. 


Check capacitor, motor will not start if capacitor is open. 
Replace with another pump motor. 


Check coupling for connection. Replace if defective. 


Jack ‘cylinder may be inoperative. Replace with another jack. 


See symptom A, item 5. 
See symptom C, item 2. 
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CONTRACTS: MAINTENANCE PARTS LIST 
W3435-SC-109 
W28-004-SC-9] ore 


RADIO SET AN/MPN-1 


PREFACE 


This Maintenance Parts List for Radio Set AN/MPN-1 represents a 
table of allowance for first through fourth echelons of maintenance. No 
breakdown of specific parts for specific echelons are provided. One stock 
of parts only is supplied, and this may either be stored in the air base 
shop,. or split up between the shop and the set as particular circumstances 
dictate. 


An asterisk in the column entitled “Depot Stocks” indicates that the 
particular item is available in depot and can be requisitioned through 
channels. 


All requisitions for maintenance parts should include Signal Corps 
stock numbers and item descriptions. The equipment item number 
should be included in the item description as a double check against 
the mis-typing of the stock number. 


Revisions to this list will be published from time to time in Sig-7 of. 
the Army Service Force catalog. All items listed are in classified sections 
as outlined in the index. Capacitors, resistors and potentiometers are listed 
in a sequence according to their value. Other sections are listed alpha- 
betically under each classification. 


NOTICE: Should any Gilfillan Brothers, Inc., manufactured part, 


JULY 1, 1944 


other than those listed herein, be required, it is imperative that a full 


description of the item, together with nomenclature of the component and 
the unit’s serial number be included when ordering. 


CONFIDENTIAL 


SECTION I: 


SECTION II: 
SECTION III: 


INDEX TO MAINTENANCE PARTS LIST 
FOR 


RADIO SET AN/MPN-.-1 


TABLE OF MAINTENANCE PARTS PAGE 
Item 1—Cable and Wire.............. cece cece cece eee eeees 1 
Mem: 2—Capacitors: oss d0 vee eis ia eedccdanwau doko eee 4 
Item 3—Chokes and Oc) | (earner ear re eae er a a ee ere 14 
Item 4—Connectors, Jacks, Plugs, Receptacles..... pes aed tears: 19 
Item 5S—Fuses, Fuse Links........... 0... ccc cee eee cece 23 
Item 6—lInsulators and Insulation...............eece00. Pages 24 
Item 7—Lamps, Bulbs, Indicators............. 2c cc eececccees 26 
tem? (S—=Metere: jo idee enedanedeoda taco ne Seors4-oeeuneaas 28 
Item 9—Relays and Switches............. ccc cece eceeces cones 29 
Item 10—Rheostats and Potentiometers......... Nslsatee, al Ge aI eae 35 
tem: 1 1— Resistors: 08s cahaiicio sh 42s beets Sa Lees 39 
Trem 12—Sockets? so cis deems 00. sa we nda bse are eee ire shame OF 
Item 13—Transformers, Transtats, Variac8.............ceecceeees 56 
Nterm, 14——T bes 4 cs as sie eaieaewuns ee ee ee ee eer ee ee 62 
Item 15—Terminals ............eeeccccecccceees Caehie eda 65 
Item 16—Miscellaneous ........... ccc cece cece rr ecccecvceces 67 
Item 17—Blowers and Motors............cccceccecvccccecccees 80 
Item 18—Major Components .......... 0. cece cee cere eee r ences 81 
AIR CONDITIONER. MX-31/MP......... 0.2 cece reece eee ee enes 85 
CODE INDEX TO COMPONENTS........... 20. c ee seecccceevces 88 
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MAIN. ASSEMBLY 





TO TRANSMISSION LINE 


CHANNEL A 


CGI- 10219 











OUTPUT TO PREAMPLIFIER 


TL 43494 


a | 
Figure’ 464. S-band r-f plumbing. MPL 89 





INPUT FROM MAGNETRON (2J2! 


MAIN ASSEMBLY 


OUTPUT TO TRANSMISSION LINE 


CGS FIR 






INPUT FROM_MAGNE TRON 





CHANNEL “B" 


TL: 36151 


MPL 90 Figure 465A. X-band r-f plumbing. 








VATION ANTENNA 


TO AZIMUTH ANTENNA 





TL 36124 


Figure 465B. X-band r-f plumbing. MPL 91 


ADDENDA 


ADDENDUM I. 


STC CIRCUIT 


1. USE IN SEARCH SYSTEM. : Radio Set AN/MPN-1 


did not use the sensitivity time control circuit (STC) in — 


Radar Receiver R-38/MPN-1 for the search system on the 
first units manufactured. However, all radar receivers 
‘furnished were identical and both the search and preci- 
sion receivers include STC equipment. The positive 
trigger pulse from the synchronizer was wired to terminal 
4 of connector strip 12 on the: precision radar receivers 


only,. which left the STC circuit inoperative in the search 
system. Switch SW2 STC should be left OFF on seatch ; 


receivers not having the trigger pulse which actuates the 
STC circuit. Later units include wiring which brings the 


synchronizer trigger pulse to the search receiver connector. 


strips as well as to the precision receivers. The STC 
circuit was found useful in reducing near-by ground 
clutter on the search system, especially in emergency 
cases when airplanes were landed with the search system 


alone. The procedure for adjusting the STC circuit for — 


use in both the search and precision systems will be found 
in paragraph. 182. 


rhe 


ADDENDUM Il 


LOOSENING CONES AND COUPLING ON SWITCHING UNIT 


1. INSTRUCTIONS. 


a. In order to adjust the r-f blades or the blanker 
blades, it is necessary to loosen the locking cones in the 
end of the supporting spools. To adjust one scanner in 
correct phase to the other scanner, it is necessary to loosen 
the slip ring on the adjustable coupling. To enable this 
to be done easily, quickly and without injury to the unit, 
four spare Allen socket headscrews have been provided 
(7%. x 5% long). These screws will be found in four 
spare holes near the nameplate. 


b. To loosen either cone, first unlock the two check 
nuts which bind the cone, then remove two of the spare 
screws and insert in the tapped holes provided in the 
cone. Tighten evenly on both screws until cone releases. 


c. To loosen the slip ring on the adjustable coupling, 
first cut and remove the lockwire from the coupling 


screws, then remove the screws themselves. No connec- 


tion now exists between the shafts. Misalignment of the 
original locking holes is necessary for the following 
procedure, therefore, rotate either shaft until the two 
clearance holes that have been provided in the inner 
flange of the slip-ring half of the coupling are lined up 
with either pair of the four tapped holes provided in the 
opposite half of coupling. One of these two positions 
will produce this misalignment. Next take the four spare 
screws, use two to lock both halves of coupling together, 
and use the other two in the original locking holes but 
from the reverse direction. Be sure these two screws 
are diametrically opposite each other. Tighten evenly 
until enough pressure is exerted to loosen the slip ring. 


d. After loosening either the cones or coupling, do not 
make any adjustments until the spare screws have been 
removed and put back in the spare holes near the name- 
plate. The proper adjustments can now be made and 
secured by the original method. 


£ 
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ADDENDUM Ill 


NOTICE AGAINST CONTINUED OPERATION 
OF ALTERNATE CHANNEL PREHEAT 


WARNING | \ 


Daring preparation of this manual, it was not known that with one channel in operation, 
continued use of the alternate channel preheat could cause serious damage to the components 
of Radio Set AN/MPN-1. Therefore, regardless of the instruction to the contrary in this manual, 
do not leave the alternate channel preheat ON for a length of time exceeding 21% hours. 
Because of the slow rate of cooling, it is preferable that preheat be not left ON longer than 
this time during any 8-hour period. | 
(1) If it is suspected that the channel being used will go out of operation, preheat for the 
alternate channel should be turned ON. Generally there will be indications of such failure prior 
to its happening. Be alert for indications of trouble so there will be ample time to preheat the 
alternate channel before failure occurs. : 

(2) Asa precautionary measure, sare, Pe time whenever a large group of aircraft is being 
directed for landings by Radio Set AN/ -1, the alternate channel preheat should be ON. 





NOTICE AGAINST LEAVING SELECTOR SWITCHES IN ANY OF THE . 
FOUR POSITIONS FOR READING 715 A/B GRID CURRENTS 


WARNING 


The selector switches in the control box are never to be left on any one of the four positions 
(I GRID Sl, I GRID S2, I GRID X1, and I GRID X2) reading the 715 A/B grid currents. 
. The operator should read any one or all of the grid currents and return the selector switch to — 
any of the other positions except the four for reading 715 A/B grid currents. 


ADDENDUM IV 


ADDITIONAL COMMUNICATIONS | 
SCHEMATIC DIAGRAMS os 






CO-316-49 NECK CORD 
(UNIVERSAL MICROPHONE CO.) 


7 OXN 
tony HEADSET 
\~-7{ ASSEM. 
——H- =, HS-33 


JK 26 PL 354 





CD-GB CORD ASSEM. 
(UNIVERSAL MICROPHONE CO.) 


WHITE 
BLACK 






LIP MICROPHONE ASSEM. - 
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‘7° PL 291-A JK 48 eee i! SO 
Figure 466. Microphone and headset assembly, 
schematic diagram. 
t 
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Figure 467. Tracker’s headset assembly, schematig diagram. 


ADDENDUM V: 


CHANGE TO IMPROVE LEADING EDGE OF INTENSIFYING PULSE TO 
FIRST ANODE OF CRT IN SEARCH INDICATOR 


To improve the leading edge of the positive-going 
intensifying pulse from the gating multivibrator V5(b) 
in the search central to the first anode of the CRT in the 
search indicator, the output from this stage has been 
eliminated. An output (No. 6, fig. 347) is now taken 
from the plate of V5(a) between R21 and R22. This 
wave is inverted by the previously unused second triode 


* 


of V1 (6SN7GT) in the search indicator, and the output 
from the plate (pin 5) of this tube is fed to the first 
anode of the CRT (V2). The second triode of V1 has 
been made an inverter by adding C3, R4, and RS to the 
search indicator in this stage (fig. 72). Waveform No. 8 
in figure 347 does not occur at terminal 24-8 now. Wave- 
form No. 6 (fig. 347) will be found there. 
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